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The knowledge of chronic rheumatism has reached a stage in which 
a satisfactory classification based on pathologic changes, etiology and 
clinical manifestations can be made. Two types, distinguishable 
clinically, have been accepted: (1) rheumatoid arthritis, infective in 
origin, and (2) osteo-arthrosis, a degenerative disease. Osteo-arthrosis 
of the spine is exceedingly common; in fact, no other articulations are 
so frequently involved. The reason for this will be considered later. 

A much discussed question is: Does rheumatoid arthritis attack the 
spine? As this disease begins in the synovial membrane and later 
destroys the underlying cartilage, it is not probable that it would attack 
the intervertebral disks which do not have a synovial membrane. How- 
ever, the vertebrae have articulations anatomically identical with those 
of the extremities, namely, the articulations of the ribs and transverse 
processes, commonly referred to as the small articulations of the spine. 

Investigation of rheumatic diseases of the spine is confined largely) 
to the German literature and especially to the studies of the late Pro- 
fessor Schmorl of Dresden. In his pathologic institute he was given 
permission to remove the dorsal and lumbar spine at autopsy. He 
removed approximately 10,000 spines. Of these, +.253 were macerated 
and studied carefully, Schmorl’s work being carried on in conjunction 
with that of the roentgenologist Junghanns. ‘Their observations have 
been reported in a recent monograph.' At the time the spine was 
removed it was carefully palpated for the presence of osteophytes, and 
if any were present their extent, location and size were recorded. This 
report covers only the observations on the 4,253 macerated specimens, 
2,115 of which were from males and 2,138 from females. Schmor!l 
found the age incidence to be the same in both sexes. This observation 
is at variance with that of others who have reported that the incidence 
is greater in males. Schmorl accounts for this variance on the basis 
that by palpation he was able to detect along the vertebral rim slight 
ridges or irregularities which might not show up in a roentgenogram. 
One may infer from Schmorl’s observations that the incidence is the 
same in the two sexes, but that the condition occurs in a more advanced 
stage in the male. 





1. Schmorl, G., and Junghanns, H.: Die gesunde und kranke Wirbelsaule im 
Roentgenbild, Leipzig, Georg Thieme, 1932. 
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Osteophytes were not found on the spines of patients in the first two 
decades of life; they were present in 10.7 per cent of those in the third, 
in 36 per cent of those in the fourth, in 78 per cent of those in the 
fifth and in 93 per cent of those in the sixth decade. All writers have 
recognized the age incidence of osteo-arthrosis of the spine. Schmorl 
claimed that the disease is degenerative in character and that it is the 
result of overuse. 

The greater incidence of this disease in the spine indicates that 
the spine is subject to unusual strain. Apparently the spine of man 
has not adjusted itself to the upright posture. Schmorl believes that 
the cause of these early changes is due to a loss of resiliency in the 
disk. He referred to the observation made by Rokitansky seventy-five 
years ago that the intervertebral disk loses its resiliency with advancing 
years. 

Beneke * was one of the first observers to arrive definitely at the 
conclusion that the exciting cause of osteo-arthrosis of the spine is 
degeneration of the disk. He was the first to observe that right-handed 
persons show more marked lipping on the right side of the lower dosal 
and on the left side of the lumbar spine. The reverse is observed in 
left-handed subjects. The strain of lifting produces tension on the 
ligaments of the right side of the lower dorsal spine with a consequent 
development of osteophytes at the points of attachment of these 
ligaments. 

Schmorl has studied the formation of the disk from embryonic life 
up through the advancing years. After he removed a spine it was his 
practice to sever the intervertebral ligaments and to observe the rebound 
of the disk when freed from the pressure of the vertebrae. He 
observed that in not all instances of loss of resiliency is there evidence 
of lipping. 

Schmorl then made a careful study of the structures in the disk. 
The substantia spongiosa of the articulating surface of the vertebra is 
covered by a hyaline cartilaginous plate. The disk proper consists of 
two distinct structures with a marked anatomic similarity: the annulus 
fibrosus fibrocartilaginus intervertebralis and the nucleus pulposus. The 
annulus fibrosus is made up of concentric lamellae of fibrous tissue with 
fluid in the interstices. These fibers run obliquely in a curved line 
from one vertebral rim to the rim of the adjacent vertebra where they 
fuse with the anterior and posterior longitudinal ligaments. The fibers 
of these ligaments are attached to the vertebra. This attachment begins 
at the rim. As the anterior ligament is the larger, the attachment 
to the vertebra is more extensive. The arrangement of the fibers of 
the annulus varies at different levels of the spine to meet the needs 
for tension and extension at the various levels. 


2. Beneke, Rudolph: Beitr. z. wissensch. Med. 1:109, 1897. 
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Beadle * said, “The course and attachment of the fibers of the 
annulus suggests a guy rope whose function is to maintain the proper 
relationship of the vertebrae to each other.”” The strain of torsion 
and extension is borne largely by these fibers. Vertical shock is borne 
by the nucleus pulposus. The inability of the disk to adjust itself 
to this strain, in conjunction with its poor nutrition, probably accounts 
for the early appearance of degenerative changes. The disk is not 
vascularized but receives its nourishment by a process of diffusion 
from the substantia spongiosa of the vertebra. 

The nucleus pulposus is embedded in the annulus and, except earl) 
in life, is not easily differentiated from it. It is spherical, located 
slightly posteriorly to the center of the disk. When normal it is slightly 
thicker than the disk, and in some instances causes a slight local bulg- 
ing when the ligaments between the vertebrae are severed. It blends 
into the surrounding annulus. Structurally it differs only slightly from 
the annulus—the fibers are finer and more meshlike in their arrange- 
ment, and the matrix contains more mucoid material. It is more 
resilient than the annulus; it functions with the annulus as a cushion 
or shock absorber; it also increases the ease of rotation. 

The earliest degenerative changes in the disk appear in the nucleus 
pulposus. It loses its fluidity; the fibers become desiccated and finally 
disintegrate. The elastic ball is replaced by a solid mass which at 
times shows evidence of calcification. 

Somewhat later the annulus undergoes similar degenerative changes. 
As a result of this degeneration the disk is thinned and loses its 
resiliency. Furthermore, the fibers of the annulus play an important 
role in the fixation of the vertebra. As a result of these changes there 
is increased mobility of the involved vertebrae. Schmorl said that he 
had never seen osteophytes or lipping adjacent to a normal disk, 
although there may not be a close correlation between the degree of 
lipping and the degree of degeneration of the disk. The increased 
mobility of the spine is the most important factor in the formation of 
osteophytes. This increased movement, plus a thinning of the disks, 
may result in impingement of the vertebral rims—a form of trauma 
that would readily lead to the formation of osteophytes. A second 
factor, which Schmorl believes to be the more important, is the increased 
strain on the vertebral ligaments as a result of increased mobility. 
This strain on the anterior longitudinal ligament may give rise to irri- 
tation of the periosteum at the ligamentous attachment, with the 
formation of new bone. In some cases the outgrowth of bone is not 
confined to the vertebral rim but extends along the course of insertion 


3. Beadle, O. A.: The Intervertebral Discs: Observations on Their Normal 
and Morbid Anatomy in Relation to Certain Spinal Deformities, Medical Research 
Council, Spec. Rep. Ser. no 161, London, His Majesty’s Stationery Office, 1931. 
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or attachment of the ligament. This is additional evidence that traction 
plays a role in the development of osteophytes. Schmorl believes that 
this factor explains the absence of osteophytes on the posterior surface 
of the vertebrae as the posterior longitudinal ligament is only slightly 
attached to the bone, its main attachments being to the posterior edge of 
the intervertebral disk. 

Anton Fischer stated that the formation of osteophytes is an effort 
to reconstruct a spine which has become functionally inefficient. The 
primary objective of the formation of osteophytes is to effect a bridging. 
In addition to the osteo-arthrosis—the result of long continued mild 
trauma— an acute trauma may produce similar changes. This acute 
trauma is not necessarily a blow; the same changes may follow a 
localized infection of a vertebra. Following an acute injury, when 
there is no evidence of fracture which might be responsible for traction 
or strain, osteophytes may develop on the injured and adjacent 
vertebrae, and complete bridging may follow. Perhaps this is a pur- 
poseful physiologic reaction to repair injury. 

Following typhoid fever a sharply localized osteomyelitis demon- 
strable in the roentgenogram may develop in a vertebra. A later 
examination may show complete bridging in the involved area. In 
the few cases of this character that I have seen there was evidence of 
severe damage to the disks. In one case, with localized staphylococcic 
osteomyelitis involving a lumbar vertebra, a roentgenogram taken after 
the lesion had healed revealed bridging of the involved and adjacent 
vertebrae, but with an apparently normal disk. Changes of this char- 
acter have been used as an argument that osteo-arthrosis may be duc 
to an infection. The infection, however, merely damages the vertebra 
and is only indirectly the etiologic factor in the osteo-arthrosis. 

The large majority of people with osteo-arthrosis of the spine are 
free from discomfort. A few suffer from root pains. No satisfactory 
explanation for these pains has been presented except pressure of the 
osteophytes on the nerve. Anton Fischer said emphatically that pres- 
sure is not a factor, but he did not state the grounds for this conclusion 
and did not offer any acceptable explanation. He suggested that 
myalgia, due to an effort of the spinal muscles to immobilize the spine, 
may be responsible for some of the discomfort. 

Spondylitis ankylopoietica or, as it is frequently called, spondylar- 
thritis ankylopoietica is the second form of chronic rheumatism of the 
spine. It may produce the following pathologic changes: bony ankylosis 
of the small articulations of the spine, osteoporosis of the immobilized 
vertebrae, ossification of the spinal ligaments, especially of the anterior 
longitudinal ligament, development of spongy bone in the portion of 
the disk adjacent to the spongiosa of the vertebra and occasionally 
ossification of the periphery of the disk. Apparently not in all cases 
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does the disease advance to the point at which all these pathologic 
changes are present. 

All the writers whom I have consulted, with the single exception of 
Krebs, have claimed that the disease begins in the small articulations. 
Krebs * stated that he has seen cases in which the roentgenograms 
show normal interarticular spacing of the small articulations. Further- 
more, he stated that in a few cases he has made an incision down to these 
articulations and found them normal. Credit is usually given to 
3echterew for the first clinical description of this disease. The case 
he described, however, was certainly not typical, as one of the symp- 
toms was paralysis of the extremities with atrophy. Striimpell, and at 
about the same time Pierre Marie, described typical cases, but they 
believed that the disease always began in the lower part of the spine 
and extended upward. They both mentioned an associated ankylosing 
arthritis of the extremities. Frankel® gave the best early account of 
this disease and showed that it may involve any portion of the spine 
and that it may be either localized or extensive. He observed that the 
small articulations may show bony ankylosis without ligamentous ossifi- 
cation. He expressed the opinion that the disease begins in the small 
articulations. In 2 of his 4 cases there was an ankylosing arthritis 
of the extremities and in 1 case, ankylosis of the temporomaxillary 
articulation. 

There is a dearth of American literature on this subject. The 
early contribution by Elliott * is an exception. He stated that Virchow 
was the first to describe two different diseases responsible for ankylosis 
of the spine—one due to exostoses with bridging ; the other, to ankylosis 
of the small articulations and ossification of the ligaments. Elliott 
referred to the frequency of ankylosing arthritis of the extremities in 
this disease. In 1 of his 5 cases the disease in the spine followed an 
ankylosing arthritis of the extremities. The other 4 cases followed 
gonorrhea and showed no involvement of the joints of the extremities. 


The development of typical rheumatoid arthritis of the extremities, 
in conjunction with these spinal changes, is good evidence that 


rheumatoid arthritis may involve the spine, and the pathologic change 
that follows is spondylitis ankylopoietica. The various pathologic 
changes appear to be directed toward immobilizing the spine. The 
disease is most prevalent during the third and fourth decade, resem- 
bling, in this respect, rheumatoid arthritis. 

The incidence of this disease outside of special clinics for patients 
with rheumatic conditions is not very great. From among 10,000 


4. Krebs, Walter: Rheumaproblem 2:163, 1931. 


5. Frankel, E.: Fortschr. a. d. Geb. d. R6ntgenstrahlen 7:62, 1904. 
6. Elliott, G. R.: Am. J. Orthop. Surg. 3:305, 1905. 
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autopsies Schmorl reported only 8 cases. On the other hand, Anton 
Fischer in his special clinic found 98 cases during a period of five 
years. Buckley‘ reported 60 cases. It is a disease chiefly confined to 
the male sex; only 6 patients in Buckley’s series were women. Freund § 
stated that in the review of the literature he found only 1 case reported 
in the female sex. In this respect the disease differs from rheumatoid 
arthritis. Buckley made a sedimentation test on 23 patients; in all the 
rate was definitely increased. 

Bachman ® reported 60 cases in the course of sixteen years; during 
that time he examined 2,561 spines. He emphasized the frequency 
with which the sacro-iliac ligaments are involved when the disease 
attacks the lumbar spine. He referred to a case in which the symphysis 
pubis was involved. All the recent German writers refer to the 
increased frequency of this condition in soldiers during the late war. 
This is probably accounted for by the prevalence of acute infections. 

Rarely does the disease involve the entire spine. Involvement of 
the cervical spine is least frequent. In Fischer’s series the lumbar spine 
was involved in 96, the dorsal spine in 89, the cervical spine in 54 and 
the sacro-iliac spine in 79 per cent of the cases. In practically all the 
cases which showed involvement of the hip joint there were associated 
sacro-iliac changes. Frequent reference is made in the literature to 
arthritis in the hip in cases in which the spondylitis occurs in the lower 
part of the lumbar spine. The rather infrequently reported incidence of 
this disease in America may possibly be explained by the fact that 
spondylitis ankylopoietica is mistaken for osteo-arthrosis with bridging. 
Anton Fischer referred to reports in the literature in which it was stated 
that this disease developed in more than one member of a family. He 
observed an instance in which for two generations it appeared in 
two sisters. 

ETIOLOGY 

The disease is infective, but is not due to a specific micro-organism 
or to any special group of bacteria. Evidently a great variety of 
bacteria are capable of producing the characteristic changes. Twenty- 
nine per cent of Fischer’s cases showed rheumatoid arthritis in the 
extremities. In this group the pathologic changes in the spine were 
probably due to streptococci. In 14 per cent of these cases there was 
a previous history of acute arthritis. Many cases have followed gonor- 
rhea, and it is assumed that the gonococcus can produce the changes 
peculiar to the condition. The disease occasionally follows rheumatic 
fever, bacillary dysentery or typhoid fever. In some instances sepsis 


7. Buckley, C. W.: Brit. M. J. 1:1103, 1931. 
8. Freund, Ernest: Gelenkerkrankungen, Berlin, Julius Springer, 1929. 
9. Bachman, A.: Fortschr. a. d. Geb. d. R6ntgenstrahlen 42:501, 1930. 
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is responsible for the condition. In 1 case the disease followed undulant 
fever. 

It is perhaps unnecessary to state that a patient with spondylitis 
ankylopoietica does not necessarily have a rheumatoid arthritis of 
the spine. It may be said, however, that rheumatoid arthritis involv- 
ing the spine leads to pathologic changes recognized as spondylitis 
ankylopoietica. 

In 29 per cent of Anton Fischer’s series of 98 cases, the trouble 
began with a gradual swelling of the joints of the extremities—a 
typical rheumatoid arthritis. (Whether rheumatoid arthritis is ever con- 
fined to the spine has not been proved and is very difficult of proof.) 


SIGNS AND SYMPTOMS 

Pain and stiffening of the spine are the earliest manifestations. 
The intensity of the symptoms depends on the acuteness of the onset. 
In some cases, stiffening of the spine, rather than pain, is the chief 
complaint. When the onset is acute (as in 2 cases recently seen by 
me) the pain along the spine may be excruciating, and the entire 
spine may be held rigid. Breathing is restricted and painful, and 
there is a girdle-like feeling about the chest. There may be severe 
pains in the extremities. On account of sciatic involvement there 
may be a positive Kernig sign. Pressure lateral to the spine or 
tapping of the spinous processes is painful. The tenderness may 
be more marked on one side of the spine. This pain is thought to be 
due to direct involvement of the nerve trunks in the inflammatory 
process. On awakening the patients may have a flaccid paralysis of an 
extremity which gradually subsides on change of posture. Areas of 
analgesia and hyperalgesia, corresponding to nerve distribution, can be 
demonstrated over the trunk and extremities. 

These acute symptoms may persist for several weeks, with moderate 
fever and leukocytosis. The pain and tenderness, except along the 
spine, gradually subside. Still later, although the entire spine appeared 
involved, the tenderness and rigidity become distinctly localized. After 


ankylosis develops the chest becomes fixed, and respiration is entirely 
diaphragmatic. When the involvement is in the lower dorsal spine, the 
patient finds a kyphotic position most comfortable, and he gradually 
acquires a true kyphosis without lumbar lordosis. Bending, especially 
sideways, may be very painful. Marked rigidity of the spinal group 


of muscles is always present during the more acute stage of the disease. 
In active cases the sedimentation test is positive. Rarely is there any 
elevation of temperature, or at most it is very slight, and the same 
is true of leukocytosis. 
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The roentgen findings may not be apparent for many months or 
even for a year after the onset of symptoms. Krebs‘ claimed that 
he had seen patients with stiff spines, in whom the stiffness had been 
present for several years, who had a positive sedimentation test, but a 
negative roentgenogram of the spine. Junghanns’° stated that if the 
interarticular space in the small articulations is visible the patient does 
not have spondylitis ankylopoietica. Fischer said that another earl) 
change is osteoporosis of the involved vertebrae. This change is more 
readily recognized than the bony ankylosis of the small articulations. 
I have recently seen a roentgenogram showing an advanced stage of 
the disease, in which the density of the involved vertebrae was 
increased. Another early finding appearing when the process is in the 
lower part of the lumbar spine is a shading in the sacro-iliac region due 
to ossification of the sacro-iliac ligaments. When the anterior longi 
tudinal ligament is involved the spine has the characteristic bamboo 
stick appearance. The disks may show an increased density owing to 
the presence of spongy bone. Osteophytes are not found. Schmorl 
has described a fibrosis stiffening of the spine in which, probably owing 
to injury, the cartilaginous plates became vascularized, and this was 
followed by invasion of the disk by a firm fibrous tissue causing 
ankylosis. There is no ankylosis of the small articulations or ossifi 
cation of the ligaments in this disease. 

Rarely does a patient with spondylitis ankylopoietica show  th« 
maximum degree of possible pathologic changes. Whether the incom 
plete picture may later become complete, or whether in some of thes¢ 
cases the disease has become quiescent, has not been determined. 


PROGNOSIS AND TREATMENT 

The prognosis depends on the extent of the involvement. When 
this is localized in the dorsal region, disability is not extreme. When 
the dorsal and lumbar regions are involved, the degree of disability is 
great. Involvement of the lumbar spine, which practically always leads 
to lumbosacral ankylosis, causes a considerable degree of disability. 
The disease does not, however, shorten life. 

While all spondylitis ankylopoietica is not rheumatoid arthritis, the 
method of treatment may be that used in rheumatoid arthritis. As 
the results of treatment of rheumatoid arthritis show the treatment to 
be only moderately successful, the outlook for good therapeutic results 
in spinal arthritis is not great. As this disease is usually the result of 
some generalized infection, the question of removal of foci is not so 


important. The usually slow onset suggests a low grade infection in 


which treatment has proved to be of little avail. In occasional cases 


10. Junghanns: Arch. f. klin. Chir. 166:120, 1931. 
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in which the onset is acute, | have found that rest in bed with analgesics, 
as codeine or acetylsalicylic acid, to make the patient more comfortable 
until the acute process subsides, proved to be the most. satisfactory 
treatment. 
SUMMARY 
The two types of chronic rheumatism seen in the extremities may 
atfect the spine. Kheumatoid arthritis of the spine is usually followed 


hy pathologic changes recognized as spondylitis ankylopoietica. Follow- 


ing the description given by Schmorl'! the cause of the early and fre- 
quent incidence of osteo-arthrosis of the spine is discussed. 


11. A complete bibliography of chronic rheumatism of the spine may be found 


in the monograph by Schmorl and Junghanns.! 





PERIARTERITIS NODOSA (NECROTIZING ARTERITIS) 
ASSOCIATED WITH RHEUMATIC HEART DISEASE 


WITH A NOTE ON ABDOMINAL RHEUMATISM 


CHARLES K. FRIEDBERG, M.D. 
AND 
LOUIS GROSS, M.D. 
NEW YORK 


The availability for study of an unusually large number of cases of 
periarteritis nodosa has revealed a significant association of this derange- 
ment with rheumatic heart disease. In the last two years, of eight cases 
of typical periarteritis nodosa verified at necropsy, four presented con- 
clusive evidence of rheumatic heart disease. This evidence consisted in 
all four cases of a history of rheumatic fever (i. e., acute polyarthritis 
accompanied by fever) and clinical findings of rheumatic cardiovalvular 
disease. Postmortem examination revealed characteristic gross and his- 
tologic features of rheumatic fever including in every case the presence 
of Aschoff bodies. 

In addition to the eight cases just mentioned the records of the 
department of pathology of the Mount Sinai Hospital show that the 
diagnosis of periarteritis nodosa was made in five other cases, in which 
the characteristic lesions were discovered at postmortem examination. 


Two of these five cases ran a febrile course with arthritis and presented 
clinical evidence of rheumatic valvular disease. Postmortem examina- 
tion revealed, in addition to periarteritis nodosa, a verrucous endocarditis 
of the mitral valve in both cases and a large thrombotic mass involving 


an aortic commissure in one of them. No Aschoff bodies were found in 
the myocardium. Both cases ran the febrile course of a general infection 
accompanied by clinical evidences of glomerulonephritis. In neither case 
was a positive blood culture obtained. These cases will be reported 
subsequently. 

A study of the literature reveals that because of certain superficial 
resemblances, to be discussed later, cursory analogies have been drawn 
between periarteritis nodosa and rheumatic fever. In attempting such 
comparisons, observers have generally worked under the disadvantage of 
having only one or two cases of periarteritis nodosa available for study. 
Those who have offered casuistic reviews of the literature have been 


From the laboratories of the Mount Sinai Hospital. 
Aided by a grant from the Lucius N. Littauer Foundation. 
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handicapped by inadequate or unsatisfactory data in the reports of earlier 
writers. Recently, students of rheumatic fever have made careful 
descriptions of arterial lesions, which in a few cases they have com- 
pared to those in periarteritis nodosa. We shall show later why these 
findings have been inconclusive. A few cases of periarteritis nodosa 
reported in the literature revealed, in addition to a history of arthritis, 
valvular or endocardial abnormalities which may have been of rheumatic 
origin. One case,' interpreted by the authors as “sepsis with arterial 
lesions,” was probably an example of periarteritis nodosa with rheu- 
matic fever (Aschoff bodies in the myocardium). These reports will be 
considered in detail after the presentation of four cases in each of which 
we believe we can demonstrate for the first time a definite conformity 
to the clinical and pathologic features of rheumatic fever and to the 
generally accepted criteria for periarteritis nodosa, including the clinical 
features associated with such cases. Special points of interest and 
significance are the presence in one case of malignant sclerosis, and in 
two others, of an attack of scarlet fever within two months preceding 
the immediate illness for which the patient was admitted to the hospital. 


REPORT OF CASES 

Case 1.2—History.—R. S., admitted on March 20, 1931, a boy, 7%‘ years old, 
complained of heart trouble. Eight weeks before, he had a mild attack of scarlet 
fever. Five weeks before admission his temperature rose to 101 F., then to 103 and 
104 F. Simultaneously he complained of severe abdominal cramplike pains, which 
lasted five days. Following these, he had migratory pains in the joints, with some 
limitation of motion, lasting for a week. He also had scrotal pain. <A physician 
diagnosed the condition as rheumatic heart disease. There were gradually mounting 
fever, striking pallor, a hacking cough on expiration and shortness of breath even 
at rest. 

Examination—Examination revealed moderate dyspnea, a striking pallor and 
cyanosis of the lips. The pharynx was injected and the lungs showed dulness and 
rales at both bases. The heart tones were of poor muscular quality, and percussion 
revealed the left border at the midaxillary line. A loud sawlike systolic murmur 
was heard over the precordium, maximal in the fifth interspace beyond the mid- 
clavicular line, transmitted to the right and heard posteriorly over the right as well 
as over the left side of the chest. The liver was palpable two fingerbreadths below 
the costal margin. 

Clinical Impression—The diagnosis was: rheumatic carditis with mitral insuffi- 
ciency and myocardial failure. 


1. Strang and Semsroth: Streptococcic Septicemia with Vascular Lesions, 
Arch. Int. Med. 47:583 (April) 1931. 


2. In the first case only positive findings will be given. In the others details 


are omitted when they are identical with those in the first case. Case 1 was 
reported in a survey of periarteritis nodosa in children by Rothstein and Welt 
(Am. J. Dis. Child. 45:1277 [June] 1933). 
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Course—The temperature ranged between 100 and 104 F. and the pulse rate 
between 120 and 140. A definite diastolic murmur developed and a_ pleuroperi- 
cardial rub was heard. A roentgenogram of the chest showed enlargement of the 
heart, suggesting mitral disease, and congestion of the lungs. A blood culture was 
sterile, and the urine had a low specific gravity. The blood showed: a hemoglobin 
content of 38 per cent, and 2,400,000 erythrocytes and 16,000 leukocytes per cubic 
millimeter, with 81 per cent polymorphonuclear cells, 17 per cent lymphocytes and 
2 per cent monocytes. Increasing decompensation was followed by death in cardiac 
failure on April 9. 














Fig. 1 (case 1).—Arteritic lesions in the lung. Note the thickened vessels with 
gaping lumens and the vascular streaks with miliary nodules. 


Autopsy.—The diagnosis was: periarteritis nodosa involving the lungs, kidneys, 
coronary arteries and external iliac artery; chronic cardiovalvular disease; mitral 
stenosis, and subacute rheumatic verrucous endocarditis. 


Gross Examination: The right pleural cavity contained 500 cc. of thin straw- 
colored fluid. The lungs revealed localized fibrinous pleuritis and moderate collapse 
of the lower lobes. A cut section showed numerous streaks spreading like cotton 
threads from the hilus of the lung (fig. 1). Along these streaks were numerous 
tiny miliary nodules varying from the size of a pinpoint to less than that of a 
pinhead, shown on frozen section to be related to blood vessels. The streaks, on 
being cut across, appeared as thickened branches of the pulmonary vessels. 
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The heart revealed definite fibrinous pericarditis near the origin of the pul- 
monary artery and the aorta. The left auricle was somewhat dilated. There was 
an old healed lesion on the posterior auricular wall. There was a continuous 
verrucous endocarditis over the entire closure line of the mitral valve, forming an 
uneven shelf on the posterior cusp. A few pinhead-sized verrucae were present 
also on the aortic flap. The chordae tendineae were slightly thickened and in places 
showed slight fusion. The aortic cusps were rounded and showed discontinuous 
verrucae on the closure lines. The left ventricle showed tigering. 

The liver showed an indistinct lobular structure with a cloudy appearance. The 
arteries were thicker than normal. Numerous reddish spots (blood vessels) on the 
surface of the kidneys corresponded to streaks in the cortex. Branches of the renal 


artery as they entered the medullary-pelvic junction were distinctly thicker and 


more rigid than normal. The mesenteric lymph nodes of the small intestine were 
enlarged. The aorta appeared to be normal, although a branch of the external iliac 
portion was difficult to probe. 

Microscopic Examination: The left auricle of the heart showed a severe 
inflammatory lesion with swelling and necrosis of the collagen fibers. The endo- 
cardium showed an elastica-free reduplication of connective tissue with infiltration 
by histiocytes, lymphocytes and polymorphonuclear cells. The myocardium showed 
interstitial inflammation with polymorphonuclear cells. The mitral valve contained 
newly formed capillaries and was infiltrated by cells. The ring of the mitral valve 
also contained small vessels and inflammatory cells. There was a small amount of 
verrucous material in the pocket formed with the chorda tendinea. The endo- 
cardium of the valve showed thickening, with subendothelial elastica-free redu- 
plication. There was a small hyaline verruca at the tip of the mitral valve. The 
myocardium contained numerous Aschoff bodies with swollen collagen and large 
basophilic cells with irregular margins and owl-eyed nuclei. There was an organized 
fibrous pericarditis contiguous with the ring of the mitral valve. A large branch of 
a coronary artery showed a periarteritic inflammatory lesion without much necrosis. 
The aortic valve showed early interstitial valvulitis. The right auricle showed an 
interstitial myocarditis with occasional Aschoff bodies. The tricuspid valve con- 
tained a typical rheumatic inflammatory lesion of the ring with inflammation of the 
vessels and infiltration by cells. The right ventricle contained foci of lymphocytes 
and numerous Aschoff bodies, mostly perivascular. The pericardium showed slight 
fibrinous pericarditis. There were large vessels in the pericardium showing proli- 
feration and necrosis. The aorta disclosed a necrotizing periarteritis of the vasa 
vasorum in the adventitia. 

The lungs showed marked atelectasis. The most striking changes, however, 
were in the vessels, which showed extensive involvement by a necrotizing and 
proliferative process, with recent and old lesions (fig. 2). The recent lesions con- 
sisted of swelling of the media and adventitia, with necrosis of the former and 
replacement by a band staining deeply with eosin, sometimes completely circular, 
sometimes horn-shaped or semicircular. This band in some instances lay near or 
included smaller vessels and appeared to lie just beneath the endothelium. The dis- 
tinction between intima and media was frequently lost. There was a marked cellular 
infiltration within the adventitia and periadventitia consisting of polymorphonuclear 
cells, lymphocytes and larger mononuclear cells, as well as a moderate number of 
eosinophils. Elastica stain showed an interruption, destruction and lamellation of 


3. In the more recent cases standard sections of the heart were made according 
to the technic of Gross, Antopol and Sacks (A Standardized Procedure Suggested 
for Microscopic Studies on the Heart, Arch. Path. 10:840 [Dec.] 1930). 

















Fig. 2 (case 1).—Necrotizing arteritis in the lung. The large vessel in the 
center shows the characteristic band of necrosis involving the media and subintimal 
region. A small artery at the right shows marked periarteritis. 








Fig. 3 (case 1).—Fragmentation and interruption of elastica in a large artery 
of the lung; Weigert-van Gieson stain. 
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the internal elastic membrane (fig. 3). The endothelium showed proliferation and 
desquamation, often with encroachment on the lumen. In the older lesions there 
was marked replacement by granulation tissue with newly formed capillaries in the 
periarterial and adventitial tissue often extending throughout all the layers. In 
some vessels the intima was so thickened as to leave only a slit for a lumen, and in 
one artery of moderate size there was also thrombosis with recanalization. 

Hyaline and colloid degeneration of the tubular epithelium were evident in the 
kidneys. The arteries showed both acute and healed necrotizing proliferative 
lesions similar to those in the lungs. The characteristic homogeneous deeply pink 
bands were again visible as well as the periarterial and adventitial infiltrations. 











Fig. 4 (case 1).—Necrotizing arteritis in the gallbladder. Note the incomplete 
band of necrosis in the media, the periarterial infiltration, the intimal prolifera- 


tion and the incomplete closure of the lumen. 


The healed lesions led to marked thickening of the walls of the vessels. Some of 


the veins showed parietal thrombi, the wall of the vein adjacent to an affected 


artery having become inflamed by propagation. 

The liver showed central congestion, many arterial lesions, mostly old, resem- 
bling those in the kidneys, and a number of old organized vascular thrombi. The 
vessels involved were generally not those in the portal spaces, but the larger 
branches in the broad septums. 

The stomach contained characteristic lesions of the large arteries with fibrinoid 
degeneration of the media or the subendothelium and marked periarterial infiltra- 
tion and organization. One or two of the arteries in the perijejunal tissues showed 
healed lesions and one showed a characteristic necrotic lesion. Occasional vessels 
in the mesenteric lymph nodes showed healed lesions with organized thrombi. 
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One of many sections of the spleen showed an occasional vessel with necrosis 
and organization. An old arterial lesion with necrosis, organization and marked 
thickening was found in the suprarenal gland. Several sections of the pancreas 
showed old healed lesions with thickening of vessels, some of which were throm- 
bosed and recanalized. Old arterial lesions with thrombosis and recanalization 
were found in sections of the diaphragm. In the gallbladder were numerous typical 
necrotizing lesions, some showing healing (fig. 4). 


In summary, this patient had no evidence of rheumatic infection 
up to the time that scarlet fever developed eight weeks before admission. 
His symptoms may be classified into those definitely associated with 
rheumatic fever, namely, polyarthritis, fever, tachycardia, pallor and 
cough, and those which are unusual in this disease. We refer to the 
severe abdominal pains and cramps, and the pain in the scrotal region 
which developed about the same time. As the latter symptoms occurred 
practically simultaneously with those of the rheumatic polyarthritis and 
valvular lesions all within a period of a few weeks, one should expect 
to find that they were all part of the same disease. The abdominal 
symptoms might have been interpreted as part of the rheumatic disease 
(abdominal rheumatism), but such abdominal crises are also commonly 
observed among the symptoms of periarteritis nodosa, and at autopsy 
organic changes were found to account for them in the vascular lesions 
within the abdomen. Finally, we wish to emphasize the acute rheumatic 
history with the rapid development of organic valvular change and the 


postmortem findings of typical acute rheumatic pancarditis, including an 
acute auricular lesion and numerous Aschoff bodies in the myocardium. 


Case 2.4—History.—A. V., admitted on Feb. 27, 1931, was a schoolgirl, 10 years 
old. She had mild scarlet fever seven weeks before admission. Seven days later, 
urticaria appeared which lasted for four weeks and was accompanied by fever 
as high as 104.5 F. Migrating pains in the joints were associated with the febrile 
exacerbations. Examination of the urine on one occasion revealed a great deal of 
albumin. Three days before admission there were violent abdominal pain and 
rigidity, with tenderness especially marked over the upper quadrant on the right 
side. The blood count showed: 14,000 leukocytes with 79 per cent polymorpho- 
nuclears. 

Clinical Impression—The diagnosis was: rheumatic fever with abdominal rheu- 
matism. Because of the possibility of an intra-abdominal complication an explora- 
tory operation was performed. 

Findings at Operation—The appendix was normal, and except for distention of 
the intestines, some fine fibrinous exudate in the gastrohepatic ligament and edema 
around the duodenal tissues, no significant abnormalities were found. The fora- 
men of Winslow was closed. 

Course—Three days postoperatively bilateral bronchopneumonia developed. 
Shortly afterward a coarse pleural friction rub was heard, and there was marked 
tenderness over the whole lower part of the chest on the left side, with dulness on 


4. This case is reported with the permission of Dr. Murray H. Bass. 
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percussion. During this period a distinct loud systolic murmur was discovered at 


the apex, varying in intensity and transmitted to the axilla, and occasionally tran- 
sitory murmurs were heard at the base of the heart. The temperature ranged 
between 100 and 103 to 104 F. and the pulse rate from 120 to 140. The hemoglobin 
fell to 55 per cent, and the urine showed a heavy trace of albumin, many hyaline 
casts, leukocytes and occasional erythrocytes. A blood culture was. sterile. 
A roentgenogram of the chest showed enlargement of the heart and pneumonic 
infiltration of the right base. Later it was believed that there was a pericardial 
effusion. Therapeutic measures were unavailing and the patient died on April 19, 
seven weeks after admission to the hospital. 





Fig. 5 (case 2).—Verrucous endocarditis in a case of periarteritis nodosa. Note 
the ridge of verrucae along the closure line of both leaflets of the mitral valve. 
The small nodules at the center of each leaflet represent redundant valvular tissue. 


Autopsy.—The diagnosis was: periarteritis nodosa involving the kidney and the 
heart; acute rheumatic verrucous endocarditis of the mitral valve and the chordae 
tendineae; moderate hypertrophy of the left ventricle and dilatation of the right 
ventricle; old and recent adhesions of the pleura and peritoneum; petechial 
(purpuric) hemorrhages of the pericardium, pleura, kidney and peritoneum; 
minute infarcts(?) of the kidney; atelectasis of the lung and congestion of the 
viscera with hydrothorax and ascites. 

Gross Examination: The right pleural cavity contained 400 cc. of clear yel- 
lowish fluid. There were easily separable adhesions between the pleura and the 
diaphragm on both sides, numerous petechial and purpuric spots on the visceral 
pleura and atelectasis at the bases of the lungs. 
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The heart weighed 260 Gm. Seventy cubic centimeters of clear straw-colored 
fluid was found in the pericardium. The left ventricle was slightly hypertrophied 
and the right ventricle and right auricle were dilated. The mitral cusps were 
somewhat thickened and opaque, and the free edges showed a continuous row of 
fine verrucae (fig. 5). At the middle of the closure line of the posterior leaflet 
was a smooth nodule the size of a millet seed. A somewhat polypoid formation 
measuring approximately 3 mm. in diameter could be seen projecting from the 
closure line of the anterior leaflet at about its middle. 

A moderate amount of clear yellow ascitic fluid was found in the peritoneal 
cavity. Numerous edematous thick adhesions were found in the right and left 
upper quadrants. The diaphragm on the right side was edematous and thickened. 
The liver weighed 890 Gm., was intensely yellow on section and showed indistinct 
lobular markings. The peritoneal coat of the gallbladder was thickened. Both 
kidneys were enlarged. There were lesions the size of split peas in the right kidney 
and one in the left—yellowish-white, triangular on section and localized to the 
cortex—which were probably infarcts. The pancreas showed marked congestion. 

Microscopic Examination: In the heart were numerous young Aschoff bodies 
showing cells with basophilic protoplasm and ragged outlines, some with characteris- 
tic owl-eyed nuclei (fig. 6). The mitral valve showed valvulitis with typical rheu- 
matic verrucae. Two of the larger nodules seen grossly on the closure line repre- 
sented redundant valvular tissue. One of the larger branches of the coronary artery 
showed a definite necrotizing lesion with destruction and fibrinoid degeneration of the 
media, thickening and fibrosis of the intima, destruction of the internal elastic layer 
and infiltration of the adventitia and periarterial region by round cells and granula- 
tion tissue. The lungs showed marked passive congestion. The arteries showed con- 
siderable sclerotic intimal thickening without inflammatory lesions. There was 
marked chronic passive congestion in the liver, with almost complete atrophy or 
destruction of the hepatic cells in the center of the lobules and lymphocytic infiltra- 
tion of the portal spaces. The capsule showed fibrinous exudation with vascularized 
organization. Occasional necrotizing arteritis was evident in the kidneys (fig. 7). 
The pancreas showed marked congestion with slight atrophy of the periphery of the 
lobules. In the aorta were local areas of swelling and necrosis of collagen fibers. 
In and about these areas there were prominent vasa vasorum which showed peri 
arterial infiltration chiefly by round cells with few leukocytes. The infiltration was 
especially marked in the inner third of the adventitia and in some places involved 
the media as well. The gallbladder showed thickening of the serosa with organiz- 
ing peritonitis. The diaphragm showed marked degeneration of the muscle fibers, 
and an organizing exudate was found on the peritoneal surface with marked thick- 
ening of the diaphragm. 


In this case, as in the first, the onset of the illness was with an 
attack of scarlet fever. Polyarthritis with fever and albuminuria were 
present early. But these symptoms were associated with an attack of 
violent abdominal pain and abdominal rigidity which led to an operation, 
at which edema and fibrinous exudate were found around the duodenal 
tissues and gastrohepatic ligament, but with no purulent focus. Later 
there developed valvular disease of the heart, anemia, continued fever, 
pericarditis and enlargement of the heart. Again, as in the first case, 
there was a simultaneous association of rheumatic fever with abdominal 




















Fig. 6 (case 2).—A typical Aschoff body in the myocardium. 























Fig. 7 (case 2 


).—Necrotizing arteritis of the kidneys. Note the characteristic 
incomplete ring of necrosis with encroachment of the intima on the lumen. 
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symptoms, the latter so marked as to suggest an intra-abdominal compli- 
cation, for which the operation was performed. Postmortem examination 
revealed verrucous endocarditis with fresh Aschoff bodies in the heart 
and typical periarteritis nodosa in the heart and kidneys. 


Case 3.—History—A. M., a man, aged 33, was admitted on March 11, 1931, 
with a complaint of fever and abdominal cramps for four weeks and migratory 
pains in the joints for two or three weeks. He had used alcohol to excess for six 
years. He gave a history of frequent sore throats and recurrent tonsillitis since 
childhood. He had gonorrhea twelve years before, with reinfection ten months 
before admission, but following active treatment had had no symptoms for eight 
months. The illness for which he was admitted began one month before with 
severe tonsillitis and cervical adenitis accompanied by chilliness and fever with the 
temperature at 103 F. The fever persisted for two or three days, and the patient 
was confined to bed for one week. On arising, pain in both knees required him to 
return to bed. Soon thereafter, pain and tenderness appeared in rapid succession 
in the elbows, ankles, shoulders and wrists and the metacarpophalangeal and 
clavicular joints. A purpuric rash appeared on the thighs. According to the 
patient, the joints of the ankles had been swollen, reddened and covered with a 
purpuric rash similar to that on the thighs. For two or three weeks persistent 
fever between 101 and 103 F., profuse sweats and recurrent arthritis had been 
present. In the past year he had had numerous attacks of distinct epigastric 
cramps, the last attack being followed by diarrhea associated with nausea and 
vomiting. The present abdominal symptoms were more severe than in previous 
attacks. Four days before admission there was an unusually dark stool, though 
not frankly tarry, followed by constipation for three days. 

Examination.—The patient was febrile and grunting with pain in the abdomen 
and in his joints. Examination of the heart revealed systolic murmur at the apex 
and over the left precordium. The second pulmonic sound was ringing and accen- 
tuated, and there was a suggestion of a pericardial friction rub. The abdomen 
showed rigidity, probably voluntary. There was terderness in the hypogastrium 
with pain referred posteriorly to the lumbosacral region. The patient complained 
of extreme tenderness over the knees and right hip, with limitation of motion of 
these joints. There was a patellar click on both sides. On the flexor surfaces of 
the thighs was a purpuric macular rash, and a similar spray of macules was seen 
at the right lower costal margin posteriorly. The tourniquet test was positive. 

Clinical Impression—The diagnosis was acute rheumatic fever with visceral 
manifestations, and ileus, either toxic or due to intestinal vascular thrombosis. 
Gonorrheal endocarditis was considered, and another suggestion was erythema with 
visceral manifestations (Osler’s syndrome). 

Course—The blood pressure was 145 systolic and 105 diastolic. The hemo- 
globin content was 86 per cent, and there were 17,000 leukocytes per cubic milli- 
meter. A prostatic smear was negative for gonococci. 

Abdominal symptoms now dominated the clinical picture. The surgeon’s impres- 
sion was that of peritonitis secondary to acute appendicitis. An exploratory opera- 
tion gave essentially negative results. The appendix was removed. Then symptoms 
of acute nephritis and uremia appeared. At about this time the pathologic report 
on the appendix was that it showed multiple foci of necrotizing arteritis in all 
phases. In the next two months the temperature ranged between 101 and 103 F., 
the pulse rate between 100 and 120. There was increasing pallor, the hemoglobin 
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content being 47 per cent. Acute epididymo-orchitis developed. Four blood cul- 
tures were sterile. The Wassermann test of the blood and the gonococcic comple- 
ment-fixation test were negative. Death from cardiac failure occurred on May 18. 

Autopsy.—The diagnosis was subacute periarteritis nodosa involving the heart, 
kidneys, gallbladder, pancreas, liver, lungs, diaphragm, stomach, intestines, bronchi 
and mesentery; rheumatic verrucous endocarditis; subacute fibrinous pericarditis ; 
pericardial effusion; hypertrophy (moderate) of both ventricles, and productive 
meningo-encephalopathy. 

Gross Examination: The general appearance was one of marked emaciation and 
moderate pallor. There was a fading purpuric area on each heel. The parenchyma 
of the lungs showed closely packed minute pale nodules, smaller than miliary 
tubercles, and a few arteries filled with adherent pale red thrombi. Two hundred 
cubic centimeters of pericardial fluid was found, and a shaggy fibrinous exudate was 
present on the pericardium. There was nodular thickening of the coronary arteries. 
On the mitral valve small verrucae were scattered along the line of closure. The 
web of the leaflet was vascularized. The chordae tendineae were thickened. The 
diaphragm showed nodular thickening along the course of one of the larger arteries. 
In the liver irregular areas of hemorrhage were seen. Branched fibrous scars 
showed, on section, thickened obliterated arteries. Aneurysms and thromboses were 
seen in the left lobe. In the gallbladder, nodules the size of a pea along the course 
of the cystic artery were filled with blood clot. Also in the pancreas were a 
number of pea-sized aneurysms filled with blood clot. In the kidneys a 
number of tiny nodules were found in the course of the arcuate arteries and their 
branches, and there were hemorrhagic areas on the surface and in the pelvis 
(fig. 8). Characteristic nodules were found along the course of many vessels of 
the gastro-intestinal tract. The right testis showed alternating areas of ischemia 
and congestion. In the brain there was thickening of the left vertebral artery near 
its junction with the right vertebral artery. 

Microscopic Examination: Several sections of the heart through the myo- 
cardium revealed typical interstitial rheumatic lesions, including young Aschoff 
bodies. In the epicardium were numerous typical arteritic lesions in the healing 
stage. A thick fibrinous pericardial exudate was found. The small and middle- 
sized arteries of the lungs showed acute necrotizing arteritis with cellular infiltra- 
tion and occasional thrombosis. There was occasional evidence of hemorrhage 
with calcification. 

The liver showed numerous arteritic lesions in the healing stage. There was 
complete closure of arterial lumens due to organized thrombi. An aneurysmal 
arteritic lesion with a recent complete thrombus was found in the pancreas; also 
healing arteritic lesions. Aneurysmal arterial lesions were found also in the supra- 
renal glands, as well as the fibrosing stage of arteritis. In the kidneys were many 
acute and chronic necrotizing and healing arteritic lesions with periarterial cellular 
infiltration, similar to those in the other organs. Some glomerular lesions resem- 
bled those of subacute diffuse glomerulonephritis of the intracapillary type. The 
testis showed necrotizing arteritis. Acute arteritic lesions were found in the 
submucosa and muscularis of the appendix (fig. 9). 


As in the preceding two cases, fever and polyarthritis were associated 
with abdominal pain. As in the second case, the abdominal pain domi- 
nated the clinical picture and led to an operation which yielded no 
adequate explanation of the symptoms until necrotizing arteritis was 
found in the appendix. The patient had a history of frequent sore 














Fig. 8 (case 3).—Necrotizing arteritis in the kidneys. Note the hemorrhagic 
arteritis on the surface. The cut section at the right shows thickened vessels and 


a large hemorrhage at the upper calix. 











Fig. 9 (case 3).—Necrotizing arteritis in the appendix. Note the characteristic 


band of necrosis and periarterial infiltration. 
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throats and recurrent tonsillitis since childhood, and the present illness 
was initiated by an attack of severe tonsillitis. The clinical diagnoses 
of acute rheumatic fever with visceral manifestations and erythema 


with visceral manifestations (Osler’s syndrome) were made at the first 


examination. Later there was a clinical picture of glomerulonephritis 


with uremia, and at the end cardiac symptoms dominated. Postmortem 
examination revealed widespread periarteritis nodosa in the active and 
healing stages. In this case the lesions were grossly visible, and there 
was present, in addition, the characteristic formation of aneurysms and 
thromboses which have been frequently described in this disease. It is 
conceivable that the greater number of healed lesions and the aneurysms 
were associated with the longer history of abdominal symptoms. Purpura 
associated with arthritic manifestations has been occasionally noted 
before ® in cases of periarteritis nodosa, and has sometimes led to the 
clinical diagnosis of Schonlein’s purpura (peliosis rheumatica). 
Epididymo-orchitis has also been noted before, generally caused by 
necrotic lesions in the testicular arteries. Finally, we want to mention 
the involvement of the pulmonary vessels here as in the first case, as 
such an involvement has been noted only occasionally before. This 
case, therefore, presented classic evidence, both clinically and patho- 
logically, of periarteritis nodosa simultaneously with clinical symptoms 
and pathologic confirmation of rheumatic pancarditis, including the 


presence of Aschoff bodies. 


Case 4.—History—A. S., a woman, aged 30, was admitted on Aug. 6, 1933, 
with a complaint of headaches, weakness, nausea and vomiting for four weeks. 
An attack of rheumatic fever at 11 years of age lasted for three months and 
another attack at 16 lasted for one month. In the past few years the patient had 
noticed dyspnea on exertion, occasional precordial pain and palpitation. In the 
last six months nocturia (five or six times each night) had been present. Aside 
from these symptoms, she was fairly well until four weeks before admission when 
violent frontal and vertical headaches developed, with a blurring of vision, accom- 
panied by occasional hematuria, moderate burning on urination, continuous 
nausea and vomiting. A new symptom was diffuse abdominal pain. In the pre- 
ceding three days a slight cough developed, with blood-specked sputum and pain 
in the right side of the chest anteriorly. There had been occasional night sweats. 

Examination—The blood pressure was 206 systolic and 146 diastolic. The 
breath had a urinous odor, and there were drowsiness, vomiting and twitching. 
The heart was enlarged, and there was a long blowing diastolic murmur to the 
left of the sternum, best heard at the apex. A gallop rhythm was evident at the 
apex. The second pulmonic and second aortic sounds were reduplicated, the former 

5. (a) Zimmermann: Arch. f. Heilk. 15:167, 1874. (b) Schreiber: Inaug. 
Dissert., Konigsberg, 1904; quoted by Gruber.14 (c) Lamb: Periarteritis Nodosa: 
A Clinical and Pathological Review of the Disease, Arch. Int. Med. 14:481 (Oct.) 
1914. (d) Frommel: Ann. de méd. 19:42, 1926. (e¢) Hutinel, Coste and 
Arnaudet: Arch. de méd. d. enf. 33:355, 1930. 

6. Ophiils, W.: Periarteritis Acuta Nodosa, Arch. Int. Med. 32:870 (Dec.) 
1923. 
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being louder. The fundus oculi showed marked papillitis with destruction of the disk 
markings; the veins were engorged, and the optic disk was reddened. Urinalysis 
revealed marked albuminuria, a low specific gravity and many erythrocytes. The 
blood urea nitrogen was 115 mg. per hundred cubic centimeters. The Wassermann 
test of the blood was negative; the hemoglobin content was 45 per cent. 

Clinical Impression—The diagnosis was: rheumatic cardiovalvular disease, 
mitral stenosis (?) and malignant sclerosis with uremia. 

Course. 
edema, and death occurred suddenly on August 8, three days after admission. 





Increasing signs of uremia developed with convulsions and pulmonary 


Autopsy.—The diagnosis was: periarteritis nodosa of the heart, iliac arteries, 
gallbladder, kidneys, intestines, liver, pancreas and bladder; malignant nephro- 
sclerosis; marked hypertrophy of the left ventricle and slight hypertrophy of the 
right ventricle; pulmonary edema; hemorrhagic gastritis and ileitis, and bilateral 
chronic salpingitis. 

Gross Examination: The heart weighed 700 Gm. There was marked hyper- 
trophy of the left ventricle, and the mitral valve flaps were thickened and their 
edges rounded. There was fusion of the right posterior commissure with bridging 
of the aortic valve. A yellowish-white, firm nodule was found on the serosal 
surface of the gallbladder. On section this nodule had a lumen and was in close 
proximity to an artery. The surface of the kidneys was granular and pale red, with 
scattered, elevated areas of hemorrhage the size of a pinhead. Irregular grayish- 
white areas were found in the cortex, which was somewhat narrow. The medulla 
was congested and had areas of hemorrhage. The interlobular arteries were visibly 
thickened, and their narrowed lumens gaped widely on the cut section. There were 
grayish nodules on the serosal surface of the ileum. 

Microscopic Examination: The endocardium of the left auricle showed an 
acute lesion with swelling and necrosis of collagen and cellular infiltration (fig. 10). 
The mitral valve was thickened; there were swelling and necrosis of its substance, 
marked capillarization and infiltration by round cells and a few polymorphonuclear 
cells. On the anterior cusp of the mitral valve, near the closure line, was an early 
verrucous hyaline deposit. The aortic valve showed somewhat similar changes 
with collagen swelling, fibrinoid degeneration, infiltration by cells and vasculariza- 
tion of both the valve and the ring. The tricuspid valve showed similar but less 
marked changes. The myocardium contained focal areas of cellular infiltration and 
near the ventricular endocardium an occasional Aschoff body, including the char- 
acteristic multinucleated cells. 

In the kidneys some glomeruli had tufts adherent to the capsule, and others 
were entirely hyalinized. The most marked alterations were in the vessels. Both 
the larger interlobular branches and the smaller arteries and arterioles were 
involved in a necrotizing arteritis. There was occlusion of many vessels by throm- 
boses and organization. The stomach revealed moderate vascular alterations, and the 
vessels of the intestines showed intimal proliferation with encroachment on the 
lumen. The entire wall of the gallbladder was thickened, all coats being involved, 
especially the serosa. The vessels showed the characteristic necrotizing infiltrative 
changes already described (fig. 11). There were thickened vessels in the portal 
spaces of the liver, and the little vessels in the interlobular spaces of the pancreas had 
thickened walls with small lumens. The urinary bladder showed typical arterial 
lesions. 


The patient had recurrent attacks of rheumatic fever between the 
ages of 11 and 16 years. Her present symptoms of four weeks’ duration 














Fig. 10 (case 4).—The endocardium of the left auricle showing acute inflam- 
mation with swelling and necrosis of collagen and cellular infiltration. 











Fig. 11 (case 4).—Necrotizing arteritis of the gallbladder. There is severe 
necrosis with loss of boundaries between the various arterial layers, and marked 
arterial and periarterial inflammation. 
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were those of uremia. She had, in addition, nocturia, albuminuria and 
hematuria. Because of the rapid course of the disease, the severe 
hypertension, the hematuria and the neuroretinitis the patient was con- 
sidered clinically to present typical malignant nephrosclerosis. In 
addition there was diffuse abdominal pain, the origin of which was 
not clear. Examination of the heart pointed to rheumatic mitral stenosis, 
a diagnosis which was supported by the history of rheumatic fever, but 
this element in the case was neglected in view of the dominating picture 
of uremia. Postmortem examination showed widespread typical peri- 
arteritis nodosa, although macroscopically this could be suspected only 
from the presence of a single large nodule on the cystic artery. As in 
the other cases presented, the abdominal pain was a significant and 
confusing symptom. Despite the presence of this and the renal 
symptoms, the clinical picture of malignant sclerosis was too cleancut 
to allow any suspicion of the presence of periarteritis nodosa. 

A definite history of rheumatic fever, together with physical signs 
of mitral stenosis, was present in this case, but there was no attack, as 
far as could be determined, immediately preceding the patient’s admis- 
sion to the hospital. However, postmortem examination revealed, in 
addition to old thickening and vascularization of the valves, an acute 
rheumatic auricular lesion and occasional typical Aschotf bodies. 

The postmortem findings in the kidney included such vascular lesions 
as are ordinarily found in periarteritis nodosa, as well as those altera- 
tions (extreme vascular narrowing) which confirmed the clinical diag- 
nosis of malignant sclerosis. 

COMMENT 

3efore discussing the significance of the not infrequent association 
of acute rheumatic fever with periarteritis nodosa as demonstrated in 
our cases, brief mention should be made of the criteria employed for the 
diagnosis of these conditions. For the purposes of this report we have 
assumed that the presence in the myocardium of typical Aschoff bodies 
was essential for the diagnosis of rheumatic heart disease. At the 
same time we must emphasize that in each of the cases reported there 
was, in addition, a history of febrile polyarthritis ; in three this occurred 
during the final hospitalization. In the fourth case there had been 
at least two definite attacks of rheumatic fever between the ages of 


11 and 16 years requiring rest in bed for from one to three months 


each time. Furthermore, in each case there were physical signs which 
indicated the presence of rheumatic heart disease. Finally, at post- 
mortem examination there were not only Aschoff bodies but other 
evidences of rheumatic carditis, such as acute auricular lesions, inflam- 
mation and vascularization of the valves, collagen necrosis, fibrinous 
pericarditis and characteristic rheumatic verrucous vegetations on the 
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valves. We have not been able to accept such isolated and less common 
pathologic findings as were utilized recently by Rossle and by Klinge 
and his co-workers for the diagnosis of rheumatic disease. Had we 
been less strict in our criteria, we might have included at least three 
other cases of periarteritis nodosa associated with rheumatic heart 
disease. 

Even though it is likely that periarteritis nodosa is not a specific 
disease, but results from the activity of many toxic or infectious agents, 
there are, nevertheless, certain features which clearly distinguish it— 
features not present in those isolated instances of arteritis described by 
Wiesel,’ Wiesner,’ Siegmund ® and others in scarlet fever, diphtheria, 
typhoid fever, influenza, pyemia and other forms of chronic bacterial 
infections. The descriptive basis for the diagnosis of periarteritis nodosa 
has been presented in detail in the protocols. Briefly, this has consisted, 
on the one hand, of an alterative degenerative process in the media, 
sometimes including the intima, sometimes all three coats, leading to a 
characteristic ringlike band of necrobiotic tissue including degenerated 
muscle cells and fragmented elastica. In addition, there has been 
arteritis, most marked in the media and adventitia, including periarterial 
infiltrations, frequently with evidences of healing as indicated by the 
invasion of the area by granulation and fibrous tissue 

Periarteritis nodosa has a fairly definite though protean clinical 
picture, on the basis of which Redlich,’® Stepp,"' Beer,'* Sacki** and 
others have been able to make the diagnosis during life even without 
biopsy. As can be seen from Gruber’s ** review of cases up to 1926 
and from more recent reports, the same clinical features are present 
in the great majority of the patients. These consist, in brief, of a 
febrile illness (in about 90 per cent) resembling a chronic general 


infection (sepsis) but with negative blood cultures, renal symptoms 


resembling nephritis, acute abdominal symptoms simulating an acute 
intra-abdominal complication or those of enterocolitis, and polyneuritis 
or polymyositis simulating pains of rheumatic fever. From this it can 
be seen that the failure to make an accurate diagnosis intra vitam is due 


. Wiesel. Wien. klin. Wchnschr. 19:723, 1906; Med. Klin. 19:163 and 197, 


. Wiesner: Wien. klin. Wchnschr. 19:725, 1906. 
. Siegmund: Centralbl. f. allg. Path. u. path. Anat. 35:276, 1924. 
. Redlich, quoted by Silbermann: Monatschr. f. Psychiat. u. Neurol. 2:225, 
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12. In an unpublished case in our series. 

13. Sacki: Med. Klin. 20:44, 1924. 

14. Gruber: Zentralbl. f. Herz.- u. Gefasskr. 18:145, 165, 185, 205, 226, 245 
and 269, 1926. 
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not to the inadequacy or indefiniteness of the symptoms but to the 
variety of common diseases which periarteritis nodosa can simulate 
because of its extensive pathologic processes. In two of the cases 
reported here the symptoms suggested the presence of intra-abdominal 
complications and were followed by exploratory operations which gave 
negative results. The local arterial lesions described in various infectious 
diseases rarely constituted the basis of clinical symptoms. 

Not only does periarteritis nodosa, in the majority of cases, manifest 
itself clinically in a fairly characteristic manner, but there are also 
pathologic alterations distinguishable from those in other infections. The 
disease is not characterized merely by the presence of a destructive 
and inflammatory vascular lesion, although this is fundamental. The 
cases we have presented, as well as those previously reported, indicate 
that the vascular lesions are scattered throughout the body and involve 
almost invariably the heart and kidneys and generally the liver and 
the gastro-intestinal tract. Furthermore, within any given organ or 
section of an organ the vascular involvement is most extensive, including 
the main arteries as well as the finer arterial branches. Generally (in 
our cases, three of four), though not invariably, there is macroscopic 
visibility of the lesions in the organ either in the form of nodules 
(aneurysms) along the arterial course or at least in the form of streaks 
made by the extensively thickened vessels. 

These points are mentioned as a basis for contrast with the changes 
in other diseases to be described later in which occasionally an analogous 
lesion was present. But in these other diseases the lesions involved 
at most one or two organs in any given case, implicated only the finest 
arterial branches, were never macroscopically visible and generally gave 
no clinical symptoms. We exclude, of course, mycotic aneurysms in 
general infections and aneurysms due to syphilis, because in these 
instances a specific causative organism is available and the lesions are 
readily distinguishable microscopically. It is significant that in the 
cases we have seen, as well as in the extensive material previously 
reported, the microscopic lesions of periarteritis nodosa as observed in 


biopsy specimens, whether taken from subcutaneous nodules or from 


an organ removed at operation, have been sufficiently characteristic 
when considered with the clinical features of the disease to permit a 
correct diagnosis as confirmed by later postmortem examination. 

On the basis of the strictest criteria for rheumatic heart disease and 
of the characteristics generally acceptable for the diagnosis of peri- 
arteritis nodosa we have reported four cases in each of which these 
diseases were associated. On the basis of other evidence, a relationship 
between these two diseases has been repeatedly conjectured before. 
We wish to review this evidence briefly. 
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Clinically, both conditions suggest infectious diseases with a rather 


prolonged febrile, “septic” course, yet with persistently negative 
blood cultures. In both, arthritic symptoms, cutaneous manifestations 
including subcutaneous nodules, anemia and tachycardia present super- 
ficial resemblances. Experimental attempts (Siegmund,’ Klinge '° and 
Metz **) to produce in animals the tissue changes of rheumatic fever or 
periarteritis nodosa have gained results which, according to the experi- 
menters, resembled both diseases. In both instances one is dealing with 
a disease of unknown etiology. Both have been considered by definite 
groups of investigators to be the expression of an allergic reaction in 
a person sensitized to more than one agent rather than the result of 
infection by one specific organism. Strong support for the allergic 
theory has been found in the observation that both diseases are fre- 
quently preceded by one of a large number of bacterial infections or 
specific infectious diseases. 

Ophuls,® Gruber ** and others have listed rheumatic fever among a 
large group of infectious diseases in the previous history of patients 
with periarteritis nodosa. However, of the cases now available in the 
literature (almost two hundred) we have been able to discover only 
sixteen ‘* with a preceding history of arthritis or rheumatic fever. It is 
difficult to determine whether these were cases of rheumatic infection 
in the stricter sense in which we employ the term. It must be remem- 
bered that a considerable percentage of patients with periarteritis nodosa 


suffer from polymyositis, and that undoubtedly some of the patients 


with so-called pains in the joints were really suffering from muscular 
disease. Other cases with vague arthritic pains without associated 
fever were probably instances of infectious or rheumatoid arthritis 
rather than of acute rheumatic fever. This belief is substantiated by 
the fact that in individual reports of cases, at least as given in the litera- 
ture, there is no mention of cardiovascular disease clinically or of 
postmortem evidence of rheumatic endocarditis, myocarditis or valvular 
deformity. The presence of rheumatic purpura (peliosis rheumatica or 


15. Klinge: Beitr. z. path. Anat. u. z. allg. Path. 83:185, 1929. 

16. Metz: Beitr. z. path. Anat. u. z. allg. Path. 88:17, 1931. 
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Ztschr. f. klin. Med. 64:405, 1907. (c) Bal6é: Virchows Arch. f. path. Anat. 
272:478, 1929, cases 1, 2 and 9. (d) Blum: Wien. klin. Wchnschr. 42:40, 1929. 
(e) Bock: Ztschr. f. Augenh. 69:225, 1930. (f) Erlandsson: Acta psychiat. et 
neurol. 6:369, 1931. (g) Herrenschwand: Klin. Monatsbl. f. Augenh. 83:419, 
1929. (h) Carling and Hicks: Lancet 1:1001 (May 19) 1923. (7) Longcope: 
Bull. Ayer Clin. Lab. Pennsylvania Hosp. 5:1 (Dec.) 1908. (7) Stengel: 
Deutsches Arch. f. klin. Med. 167:1, 1930. (k) von Spindler: Med. Klin. 20: 
1466, 1924. (7) Rosenblath: Ztschr. f. klin. Med. 33:547, 1897. (m) van Paasen: 
Nederl. tijdschr. v. geneesk. 73:4020, 1929. Schrieber.5» Hutinel.5¢ 
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Schonlein’s disease), as in the cases of Zimmermann,** Schreiber,*? 
Lamb,** Frommel *4 and Hutinel and his co-workers,*® in which the 
purpura (rather common in periarteritis nodosa) was associated with 
arthralgias, can in no way be interpreted as an attack of rheumatic 
fever. Of these cases only Lamb’s was marked by clinical or patho- 
logic evidence of cardiac involvement. 

There are, however, reports of six cases in addition to those named 
in which endocarditis was found at postmortem examination. None of 
the authors of these reports mentioned Aschoff bodies or offered any 
other evidence to substantiate the rheumatic nature of the lesions. 
Motta *® found chronic endocarditis of the mitral valve and acute endo- 
carditis of the aortic valve. No history is given, and no microscopic 
observations are mentioned. Lewis’?® case was not associated with a 
history or clinical evidence of rheumatic infection, but the author spoke 
of mural endocarditis found at postmortem examination. 

In the other four cases there is considerable though not conclusive 
evidence to indicate that periarteritis nodosa was truly associated with 
rheumatic disease. Benda’s *° patient (case 2) had had rheumatic fever 
with valvular disease clinically and showed chronic and recurrent endo- 
carditis of the mitral and aortic valves at postmortem examination. 
Lowenberg’s *' patient had a rheumatic history, systolic and diastolic 
cardiac murmurs and, at autopsy, chronic fibrous endocarditis of the 
aortic valve. Janssen’s ** patient had a history of both scarlet fever and 
rheumatism and clinical evidence of aortic stenosis and insufficiency, 
and postmortem examination revealed recurrent verrucous endocarditis 
with scarring of the aortic valve. Neither of these reports gave micro- 
scopic descriptions. Lamb’s first patient °* had acute polyarthritis with 
a macular and purpuric eruption. In addition there was a pericardial 
rub. The clinical diagnosis was Schonlein’s disease. At postmortem 
examination there were an acute inflammatory exudate on the peri- 
cardium and an endocarditis of the mitral and pulmonary valves. Micro- 
scopically the vegetation was described as consisting of organizing throm- 
bus with cocci on the surface, but there were no other microscopic cardiac 
findings suggesting rheumatic fever. It must be clear that these cases 
cannot be accepted as conclusive for the presence of rheumatic disease 
any more than the three cases of ours mentioned earlier which are not 
included in this report. It should be remembered, however, that none 
of these writers were investigating their cases from the point of view of 
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rheumatic fever, and that study from this point of view might have 
revealed more conclusive proof. 

A few cases described in the literature as cases of sepsis may well 
have been instances of periarteritis nodosa associated with rheumatic 
fever. Case 1 of Klinger *° and case 4 of Semsroth and Koch ** are 
examples of this. More pertinent is the case of Strang and Semsroth ? 
(also reported as case 2 of Semsroth and Koch) presented as an 
instance of vascular lesions in Streptococcus viridans septicemia, The 
illustrations and descriptions are highly suggestive of periarteritis 
nodosa. In this case Aschoff bodies were found in the myocardium. 
The verrucous vegetations appear to have been those of a rheumatic 
rather than those of a bacterial endocarditis. The only positive blood 
culture was one made just before death, but such positive cultures may 
occasionally be encountered in rheumatic fever (Lichtman and Gross *°). 

Another argument for the relationship of periarteritis nodosa to 
rheumatic fever has been seen in the discovery of arterial lesions 
in rheumatic disease. Since Bouillaud’s 7° classic treatise in 1840, the 
association of arterial disease with rheumatic fever has been mentioned 
by numerous French writers. Except in the cases of Hanot*" and 
Leger,** this association was based purely on clinical grounds, and in 
the reports of those writers microscopic descriptions are not available. 
In 1904 *° and again in 1906,°° in his discussion of Lipke’s presenta- 
tion of periarteritis nodosa among stags, Aschoff mentioned that occa- 
sionally in rheumatic endocarditis there were nodular thickenings on the 
smallest branches of the coronary arteries due to circumscribed peri- 
arterial inflammatory changes with medial destruction. These reminded 
him of periarteritis nodosa. Geipel, in 1907," also spoke of changes in 
rheumatic heart disease resembling periarteritis nodosa, and described 
two instances of a destructive process involving the anterior descending 
coronary artery and on one vessel a suggestion of a beginning aneurysm. 
He could not determine whether vessels in other parts of the body were 
similarly affected. Whatever destructive elements were present in these 
vessels he ascribed to the mechanical pressure from rheumatic nodules. 
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In 1909 *° he described seven cases of rheumatism, in two of which 
there were destructive changes in the smaller vessels with secondary 
intimal growth due to the pressure of Aschoff bodies. At the same 
time, in a description of vascular lesions in rheumatism, Coombs ** 
mentioned the smallest branches of the coronary arteries as being the 
seat of nodular periarteritis. 

The nonsyphilitic aneurysms discovered in cases of rheumatic fever 
have been sometimes interpreted as showing a significant similarity to 
the aneurysms frequently present in periarteritis nodosa. In such cases, 
if postmortem findings and satisfactory bacteriologic studies are not 
present, one must consider the possibility of the mycotic origin of the 
aneurysms, and interpret the condition as bacterial endocarditis compli- 
cating rheumatic heart disease. Siegmund ** found mycotic aneurysm 
in 21 per cent of cases of “sepsis lenta.” Klotz’ case (1913) *° with 
aneurysm of the ascending aorta may be of this type. We have already 
mentioned Geipel’s report *' in which there was a suggestion of an 
aneurysm of a coronary artery. The diagnoses of Renon ** and of 
Bezangon and Weil *’ were made on roentgen examination, and no 
pathologic report is available. 

The first really detailed description of arterial changes in rheumatic 
fever was made by Klotz ** in 1912. These changes rarely affected the 
main coronary arteries, generally involving the finer ramifications. 
Further, these alterations were only slightly destructive, being mostly 
those of productive inflammation. 

Very suggestive is the case of recurrent rheumatic fever described 
by Watjen ** in which there was panarteritis with destructive changes 
involving the smaller coronary branches in the myocardium. He spoke 
of the lesion as arteritis nodosa rheumatica but reserved opinion as to 
its relation to periarteritis nodosa. The only pathologic changes were 
in the heart. An added point of interest in this case was the infiltra- 
tion of the subpericardial region by eosinophils, as extensive eosinophilic 
infiltrations have been described in periarteritis nodosa. 

The arterial lesions thus far described in rheumatic fever have gen- 
erally involved a single organ, usually the heart or the aorta. More 
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significant is the report of Von Glahn and Pappenheimer,'® who, in 
forty-seven cases of rheumatic heart disease, found arterial involvement 
ten times in the various organs, including the lungs, kidneys, perirenal 
and perisuprarenal adipose tissue, ovaries, testes, pancreas, sigmoid 
flexure and cecum. The alterations described, however, differed from 
those in periarteritis nodosa in several important respects. In the first 
place, while the lesions were found in a variety of organs, in any one 
of these ten cases generally one and rarely two organs were involved. 
While vascular disease in isolated organs has been described as peri- 
arteritis nodosa, it would be most unusual to find such isolated involve- 
ment in ten successive cases. Study of the literature reveals that at 
least the heart and kidneys are almost invariably involved in every 
case of periarteritis nodosa. Second, the vessels involved in the cases 
described by Von Glahn and Pappenheimer were generally of much 
smaller caliber than those in periarteritis nodosa. Finally, while these 
authors described necrotizing inflammatory and reparative alterations in 
their cases, certain findings are described which we have never observed 
in periarteritis nodosa, whereas certain other findings like thromboses, 
infarctions and aneurysms, commonly present in periarteritis nodosa, 
were absent in these cases. 

It is of course conceivable that the arterial changes which they 
described are earlier or less marked alterations but qualitatively similar 
to and of the same significance as those in periarteritis nodosa. But the 
authors themselves concluded: “While it is possible that certain cases 
of rheumatic vascular disease may have been interpreted as periarteritis 
nodosa, there are, as has been pointed out, very clear cut differential 
features. The final decision as to whether these two somewhat similar 
conditions are related, must be reserved.” 

More recently Klinge and Vaubel *' presented two pictures of vas- 
cular changes in “rheumatism” (not in our strict sense of the term) 
which they considered difficult to distinguish from periarteritis nodosa. 
One showed involvement of a mediastinal artery and one of an artery 
in the aortic adventitia. Aside from differences in the actual appear- 
ance of the vessel from that of typical periarteritis nodosa (pointed out 
by the authors themselves), these and other vascular changes were 
found only in isolated instances after long search through consider- 
able rheumatic material. No clinical symptoms resulted from these 
alterations. In a recent report, Rossle ** presented a case (case 5) 
which he termed one of periarteritis nodosa and which he included in 
his rheumatic series. We cannot accept this case as being definitely 
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one of rheumatic heart disease or one of periarteritis nodosa. He stated 
on the basis of his observations that there is an essential relationship 
between these diseases. 

From the foregoing review it can be seen that the evidence for the 
association of rheumatic fever and periarteritis nodosa has hardly more 
than suggestive value. Aside from the four cases presented in this 
report, we have been unable to discover any others in which there was 
unquestionable rheumatic heart disease associated with periarteritis 
nodosa, according to the criteria we have already stated. From the fre- 
quency with which we have observed this association in our own cases, 
it seems highly probable that some or many of the cases of periarteritis 
nodosa previously reported might have been regarded as _ presenting 
rheumatic cardiac lesions had they been studied from this point of view. 
It is becoming increasingly evident that periarteritis nodosa is not a rare 
disease. It is being recognized with increasing frequency. With larger 
series of cases available for study by individual observers, evidence for 
the association of rheumatic fever in these cases may be discovered 
more readily. 

It is not our purpose in this report to enter into a discussion of the 
etiology or nature of rheumatic fever and periarteritis nodosa. Until 
we know more about them, we cannot say the final word as to their 
relationship to each other. The high incidence of rheumatic heart dis- 
ease in this small series of cases of periarteritis nodosa is significant, 
and also the simultaneity of their clinical manifestations. In three of 
the four cases the symptoms of the final illness were due both to an 
acute attack of rheumatism and to the lesions of periarteritis nodosa. 
In the fourth case there were no obvious evidences of active rheumatic 
infection. Nevertheless, an acute rheumatic lesion was found in the 
heart. One must conclude that in these cases we were not dealing with 
two unrelated diseases, but that the periarteritis nodosa was one of the 
manifestations of the rheumatic infection. 


A point of special interest in two of our cases was an attack of 
scarlet fever within eight weeks preceding the final illness. This may, 
of course, have been a mere accident, considering that both patients 
were young children not far removed from the most common age for 
this disease. At the same time, because of the brief interval between 


the attack and the obvious development of rheumatic heart disease as 
well as periarteritis nodosa, it may well be conjectured whether scarlet 
fever did not stand in some etiologic relationship to these diseases. 
This occurrence is of special interest to those who believe in the strepto- 
coccic etiology of rheumatic fever as well as to those who argue that 
the latter disease is an allergic response in a sensitized person. This 
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association could also be employed to reason that not only the rheumatic 
fever but the periarteritis nodosa was intimately associated with the 
preceding infection by the scarlatinal organism. 

Another obscure but interesting association is that found in our 
fourth case, in which, in addition to the periarteritis, the clinical and 
pathologic features of malignant nephrosclerosis were added to those 
of rheumatic fever. Fahr ** maintained that malignant sclerosis is the 
result of the activity of one or more of several toxic or infectious 
agents. In addition to lead and syphilis he named rheumatic fever as 
one of these etiologic agents. In five of his cases of malignant sclerosis 
there was a history of rheumatic fever. In two of them the renal dis- 
ease directly followed rheumatic infection. In our case the rheumatic 
fever was a recurring affair which gave no obvious symptoms after the 
patient’s sixteenth year except those due to a diminished cardiac reserve. 
The postmortem appearance of the heart, however, suggested that there 
was active infection up to the patient’s death. A survey of cases of 
periarteritis nodosa thus far reported showed that a not infrequent 
cause of death was uremia. The patients of Sacki,’* Manges and 
Baehr ** and Lamb ** had albuminuric retinitis as well as evidences 
of uremia. Some of these patients gave a history of rheumatic arthritis 
or revealed endocarditis at postmortem examination. The data avail- 
able do not permit a diagnosis as to the basis of uremia in these cases. 
The marked hypertension and albuminuric retinitis suggest the likeli- 
hood that some of these at least were cases of malignant sclerosis. In 
our series of fourteen cases of periarteritis nodosa it is probable that 
three patients died of uremia associated with malignant sclerosis. Thus 
far in only one of these three cases has definite rheumatic heart disease 
been found. 

Certain observations in the cases we have presented we believe are of 
considerable practical importance. The abdominal and gastro-intestinal 
symptoms in periarteritis nodosa have frequently been given as funda- 
mental manifestations of the disease. Ulcerations of the intestine 
following arterial necrosis and occlusion have often produced a diarrhea 
simulating ulcerative colitis and occasionally have produced the more 
dramatic features of general peritonitis due to acute intestinal per- 


foration (Zimmermann,®* Lorenz,*® Versé,*° Beitzke ** and Meyer **). 
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In other instances abdominal colic without such acute perforations has 
given rise to the picture of an intra-abdominal complication, and in 
certain instances laparotomies have been performed (Schmidt, Lemke,** 
Ophuls,® Lamb,** Manges and Baehr ** and Gruber *™), Such symp- 
toms though less well known are not uncommon also in rheumatic fever. 
In some recent observations on this subject, Libman *° divided the main 
clinical types of rheumatic fever into arthritic, pulmonary, so-called 
typhoidal and gastro-intestinal (or abdominal). He said, ‘abdominal 
symptoms occur frequently, the most important being pain, vomiting, 
diarrhea and distension. A clinical picture of appendicitis may be 
encountered. Diarrhea in one endemic has been found to occur as fre- 
quently as in one third of the cases. I have seen two cases of rheumatic 
fever associated from the onset with ulcerative colitis.” 

As early as 1737 Boerhaave *' stated that besides the joints in rheu- 
matic fever the disease invades “sometimes the brain, lungs and bowels.” 
Garrod,** Pribram,®* Coombs,°* Curschmann and Eckstein *° and others 
have described cases of rheumatic fever simulating acute appendicitis. 
Either the abdominal symptoms subsided spontaneously or, when 
operation was performed, the findings were essentially negative. In all 
the four cases which we have reported, abdominal pain was a significant 
part of the clinical picture. In the second and third cases the symp- 
tom was so marked that exploratory laparotomies were performed. 
Examination of the appendix removed in one of the cases revealed a 
necrotizing arteritis. 

While in some cases of rheumatic fever with abdominal symptoms 
previously reported a veritable peritonitis was discovered, in most, as 
in our two patients operated on, there was no adequate visible lesion to 
account for the symptoms. Various reasons have been given to explain 
the occurrence of these cases of “abdominal rheumatism.” Generally the 
abdominal symptoms have been considered as referred pains from pleurisy 
with or without pneumonia, pericarditis and other thoracic rheumatic 
manifestations or as due to an intercurrent complication. Libman °° sug- 
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gested a vascular origin of such pains when he stated that general pains 
in rheumatism might be due to arterial or venous inflammation. Because 
of the observations in our cases and because of the considerations on 
abdominal rheumatism and periarteritis nodosa just mentioned, we 
cannot escape the conclusion that at least in some cases of rheumatic 
fever the gastro-intestinal or abdominal symptoms have a definite 
organic basis in the pathologic alterations of periarteritis nodosa. This 
leaves open the question of the mechanism of the abdominal pain in 
the latter disease, about which there are various explanations. The 
significant point is that these symptoms occur frequently in periarteritis 
nodosa. A number of medical conditions, such as pneumonia, coronary 
thrombosis and others, have been reported which have been mistaken 
for an acute abdominal complication and in which an unnecessary 
operation has added to the danger of the disease. We should like to 
add to these diseases rheumatic fever associated with periarteritis 
nodosa. The possibility of periarteritis nodosa should be considered 


in any case of rheumatic fever or rheumatic heart disease associated 


with marked abdominal symptoms simulating an acute intra-abdominal 
complication. 
SUMMARY 

1. Four cases that came to autopsy are presented, in which wide- 
spread periarteritis nodosa was associated with rheumatic fever and 
rheumatic heart disease; the latter was confirmed by the presence of 
Aschotf bodies in the myocardium. 

2. These four were discovered in a series of eight cases of peri- 
arteritis nodosa which came to autopsy in the course of two years. 
Prior to this period there were five additional cases which came to 
autopsy. Two of the five patients had a rheumatic history and evidence 
of rheumatic valvular disease. Verrucous endocarditis was disclosed in 
both cases at postmortem examination. 

3. Criteria for the diagnosis of rheumatic infection and of peri- 
arteritis nodosa are discussed. On the basis of these criteria, none of 
the cases of periarteritis reported in the literature presented adequate 
evidence of rheumatic heart disease. Conversely, none of the vascular 
lesions described in rheumatic fever could be truly called periarteritis 
nodosa. 

4. Because of the frequency of the association of these diseases in 
our cases and the simultaneous occurrence of the symptoms of each, 
we believe it probable that rheumatic fever is a common cause of the 
vascular lesions termed periarteritis nodosa. 

5. In two of the cases an attack of scarlet fever occurred eight 
weeks before the symptoms of the other ailments became manifest. 
This point is briefly discussed. 
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6. In another case there was clinical and pathologic evidence of 
malignant sclerosis. This is mentioned in connection with Fahr’s belief 
that rheumatic fever is one of the causes of malignant sclerosis. 

7. In two of the cases the abdominal symptoms, so common in peri- 
arteritis nodosa, dominated the clinical picture sufficiently to lead to an 
exploratory operation. We suggest that when acute abdominal symp- 
toms are present in a patient suffering from rheumatic fever, compli- 
cating periarteritis nodosa should be considered. This complication is 
offered as an organic basis for some of the instances of so-called 
abdominal rheumatism. 
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Cytologic and serologic studies of the blood of persons with “glan- 
dular fever’ have led to a renewed interest in the condition. The 
demonstration of the marked increase of mononuclear cells, which has 
caused the general use of the term infectious mononucleosis, and the 
recent discovery by Paul and Bunnell? of a high concentration of sheep 
cell agglutinins in the blood of patients with the disease indicate that 
it is quite different from most infectious processes. Its importance, 
however, as a subject of investigation is far greater than that of a 
mere hematologic curiosity for the following reasons: First, it is a 
rather common and benign condition, an accurate diagnosis of which 
allows prompt reassurance of the patient and a fairly accurate prog- 
nosis as to duration and morbidity. Second, the differential diagnosis 
from more serious conditions, especially lymphatic leukemia, is of great 
importance. Third, a solution of the problem involved in the causation 
of the mononucleosis, the development of sheep cell agglutinins in the 
blood stream and the relation between these conditions may have broad 
implications in the field of immunology. 

In the present communication, after a brief consideration of the 
clinical picture based on a study of 28 sporadic cases of the disease, 
we shall take up the cytologic and serologic aspects. Whether or not 
the condition is a disease entity or merely an unusual reaction to an 
ordinary infection of the upper respiratory tract cannot be completely 
settled by a study of the literature, although the reports of various 
authors who have studied epidemics, as summarized by Guthrie,” incline 
one strongly to the former view. It has been noted, however, that the 


epidemics tend especially to affect children, and that these patients 
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1. Paul, J. R., and Bunnell, W. W.: Am. J. M. Sc. 183:90, 1932. 

2. Guthrie, C. C., in Christian, H. A.: Oxford System of Medicine, New 
York, Oxford University Press, 1927, vol. 5, p. 498. 
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usually show a much less striking blood picture than is seen in sporadic 
cases in young adults. As far as we are aware, also, there have been 
no investigations as to the presence or absence of sheep cell agglutinins 
in the blood of patients during an epidemic. We must conclude, there- 
fore, that the identity of the disease in the epidemic form and in sporadic 
cases such as are considered here is still to be proved. 


CLINICAL AND CYTOLOGIC ASPECTS 
By Drs. Burcess, LAWsoN AND WELLMAN 


Clinical Picture —Excellent descriptions of the clinical aspects of 
the disease are to be found in the literature.* Our clinical observations 
agree in general with those reported in the literature. We have been 
impressed with the variation in the severity of the disease, as has been 
emphasized by Baldridge, Rohmer and Hansmann.** All gradations 
have been observed between a condition of marked prostration with a 
high fever (from 103 to 105 F.) and such mild attacks that the patient 
stayed at his duties throughout most of the illness and had almost no 
fever. Enlargement of the lymph nodes, which is such a striking fea- 
ture in most cases, may be relatively slight in a person in whom 
mononucleosis is excessive and the fever and prostration marked. Ten- 
derness of the lymph nodes is, however, usually very definite. Enlarge- 
ment of the spleen, usually appearing several days after the onset, has 
been noted in some cases, in 1 of which (case 26) tenderness of the 
spleen became marked and spontaneous pain in the left upper quadrant 
of the abdomen was present for twenty-four hours. Pain in the back 
of the neck on moving the head, due apparently to the tender nodes, 
has been a common and usually an early manifestation. Headache has 
been frequent, and sore throat has usually been present, but not always 
prominent. A marked, harassing cough, facial edema and swelling of 
the eyelids were noted in 2 instances. Jaundice, which was reported in 
1 case by Mackey and Wakefield,* was present in 2 of our patients. 
In 1, a physician of 40 years, who was prostrated by the disease, the 
jaundice was fairly intense. In this instance the blood gave a direct 
biphasic reaction to the van den Bergh test, suggesting toxic or infectious 
hepatitis rather than obstruction. The quantitative reading was 8 van 
den Bergh units, and the icteric index was 50. Pharyngeal ulceration 


3. (a) Sprunt, T. P., and Evans, F. A.: Bull. Johns Hopkins Hosp. 31:410, 
1920. (b) Downey, H., and McKinlay, C. A.: Acute Lymphadenosis Compared 
with Acute Lymphatic Leukemia, Arch. Int. Med. 32:82 (July) 1923. (c) Bald- 
ridge, C. W.; Rohmer, T. J., and Hansmann, G. H.: Glandular Fever (Infectious 
Mononucleosis), ibid. 38:413 (Oct.) 1926. (d) Longcope, W. T.: Am. J. M. 
Sc. 164:781, 1922. 

4. Mackey, R. D., and Wakefield, A. M.: Ann. Clin. Med. 4:727, 1926. 
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and exudation were frequently seen, and the organisms of Vincent’s 
angina were present in the blood smears in some instances and absent 
in others. With 1 exception, a child of 6 years, the patients were all 
young adults, most of them students or teachers, and the sexes were 
about equally divided. In a few patients the mild secondary anemia 
referred to by Fitz-Hugh*® was noted. All recovered completely after 
a duration of febrile illness varying from under one to over five weeks. 

Cytologic Changes in the Blood.—In studying the appearance and 
character of the mononucleosis our greatest interest has been in the 
proper classification of the so-called abnormal forms which make up a 
large proportion of the mononuclear cells at the height of the disease. 
In examining fixed smears stained by Wright’s method, all gradations 
have been noted between normal lymphocytes, small and large, and 
the medium and large “abnormal” cells with vacuolated or deep blue 
cytoplasm. These cells have been well described by Downey *” and by 
Baldridge and his associates.*° Their most striking characteristics are 
the vacuolated cytoplasm, often with little irregular projections from 
the surface of the cell, and the nuclei with coarse chromatic masses 
varying in shape from round to irregular or deeply cleft. Frequently 
cells with very deep blue cytoplasm are seen. The commoner forms 
of abnormal cells are shown in figure 1 4. 

In certain of these abnormal forms a somewhat lighter, more uni- 
form cytoplasm and a few azure granules appear; in other words, they 
tend more to resemble the normal adult lymphocyte. In 1 case (27) 
the predominating cell in a blood smear taken fairly early in the dis- 
ease was a medium or large lymphocyte in which azure granules were 
numerous, but a day or two later the more deeply staining forms 
without azure granules replaced them. In some cases from small to 
medium-sized lymphocytes predominate, which in the deep staining 
of their cytoplasm and the irregular shape of their nuclei resemble the 
large “abnormal” cells. It is probable, from morphologic studies of 
the abnormal cells in fixed smears, that these cells are lymphocytes. If 
so, they must be, according to Sabin * and Wiseman,’ immature forms, 
and those with the deep blue cytoplasm very young forms. In some 
cases the more adult lymphocytes with azure granules are rare, and 


the predominating cell is one of varying size but with a deeply baso- 


philic cytoplasm. 
If, then, one considers the abnormal forms as immature lympho- 
cytes and remembers that the absolute lymphocyte count reaches a high 


5. Fitz-Hugh, T., Jr., in Piersol, G. M.: Encyclopedia of Medicine, Philadel- 
phia, F. A. Davis Company, 1932, vol. 6, p. 709. 

6. Sabin, F. R.: Bull. Johns Hopkins Hosp. 34:277, 1923. 

7. Wiseman, B. K.: J. Exper. Med. 54:271, 1931. 
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figure in many cases, it seems probable that there is such a strong 
stimulus to multiplication of lymphocytes in this disease that young 
forms of an unusual type are seen. This impression is heightened 
by the occurrence of binucleated forms. In lymphatic leukemia similar 
abnormal lymphocytes and occasionally binucleated forms are seen. 
Figure 1 B is a camera lucida drawing of two cells, the upper one from 
a case of lymphatic leukemia and the lower one from a case of infec- 
tious mononucleosis. Figure 1C is a similar drawing of a cell, in 
what appears to be the last stage of cell division, from another patient 
with mononucleosis. These observations suggest that in infec- 
tious mononucleosis, as in lymphatic leukemia, amitosis of lymphocytes 
may occur in the circulating blood. This has been described by Hall * 
in the blood of normal monkeys (Macacus rhesus), but never in human 
beings, so far as we know, except in leukemia. 

The idea that the abnormal cells are lymphocytes is further strength- 
ened by the use of the supravital staining technic reported by Wilson 
and Cunningham.® We applied this method in 1 of our cases with 
similar results. Most of the cells showed large neutral red vacuoles 
and mitochondria that were large, numerous and irregularly distributed. 
Thus the available data make it clear that in this disease there is a 
strong stimulus to cell division in the germinal centers of the lymph 
nodes and spleen resulting in a marked absolute increase of lympho- 
cytes, mature, immature and abnormal, in the circulating blood.'® 


SEROLOGIC ASPECTS 
By C. A. STUART 


Sheep Cell Agglutinins in Blood Serums from Normal Persons.— 
The presence of agglutinins for sheep erythrocytes in the human blood 
stream until recently has been a subject primarily of academic interest. 

8. Hall, B. E.: Folia haemat. 38:30, 1929. 

9. Wilson, P., and Cunningham, S.: Folia haemat. 38:14, 1929. 

10. During the period in which the lymphocytosis is noted there is an absolute 
diminution in the number of granulocytes which show a decided shift to the left, 
the proportion of stab cells to the segmented forms being as high as 7:1 in some 
instances. This has been mentioned by various observers (Pepper, O. H. P., and 
Farley, D. L.: Practical Hematological Diagnosis, Philadelphia, W. B. Saunders 
Company, 1933, p. 429. Fitz-Hugh, T., Jr., in discussion of Mullin, W. V., and 
Large, G. C.: Filament-Nonfilament Count, J. A. M. A. 97:1138 (Oct. 17) 1931. 
Piney, A.: Recent Advances in Hematology, Philadelphia, P. Blakiston’s Son & 
Co., 1927, p. 121). In the case reports of Rosenthal and Wenkebach (Klin. 
Wehnschr. 12:449, 1933) this fact is also noted, and it is of interest that in the 
cases which they reported as resembling mononucleosis clinically but as giving 
negative results serologically this shift to the left was missing. 








STUART ET AL—INFECTIOUS MONONUCLEOSIS 203 


[he work of Davidsohn*! and of Paul and Bunnell,' however, who 
found that under certain pathologic conditions the concentration of sheep 
cell agglutinins in human beings was significantly increased, necessitates 
a clear understanding of not only the presence but also the concentration 
of these antibodies in normal human serum. Investigators agree that 
these agglutinins are present in some normal human serums, but unfor- 
tunately there is considerable disagreement as to the percentage of human 
beings possessing these antibodies and as to the concentration of the 
antibodies in the serum when present. As an example of the extreme 
divergence in the findings of the various investigators the work of 
Deicher ?* and Kagan ** may be cited. The former reported that most 
of the human serums that he examined did not possess agglutinins speci- 
fic for sheep cells and that in the few cases in which they were present 


TaBLeE 1.—Comparison of the Titers for Sheep Cell Agglutinins in Normal 
Serums, from the Reports of Various Investigators 


Stuart, Burgess, 
Lawson and 
Deicher?? Davidsohn?! Bunnell?4 Wellman Kagan?!® 
~~ A snes WI ea he we. p= ——, aie i ' 
Dilu- Per Cent Dilu- Per Cent Dilu- Per Cent Dilu- Per Cent Dilu- Per Cent 
tions Positive tions Positive tions Positive tions Positive tions Positive 
Negative Most Negative 7 Negative 40.7 Negative 0.00 Negative 0.00 
1:4 Few 1:3.5 20 1:5 
24 1:8 


3 : 2 7 0.00 
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* For convenience the dilutions 1:112 and 1:140 have been combined in the dilution 1:112. 


the antibodies could be demonstrated only in a dilution of 1:2. On the 
other hand, Kagan '* maintained that in all serums he tested these anti- 
bodies could be demonstrated in dilutions ranging from 1:10 to 1: 640. 
While not confirming Deicher’s results some investigators are inclined 
to think that his conclusions are more nearly correct than those of 
Kagan; others tend to favor the conclusions of Kagan. Thus there 
seems to be general disagreement as to the concentration of sheep cell 
agglutinins in normal human serum. 

In the course of our investigations in infectious mononucleosis, serum 
from 300 normal persons or from persons with pathologic conditions 
other than infectious mononucleosis has been examined for the con- 
centration of sheep cell agglutinins. Generally speaking our titers are 


11. Davidsohn, I.: J. Infect. Dis. 53:219, 1933. 
12. Deicher, H.: Ztschr. f. Hyg. u. Infectionskr. 106:561, 1926. 
13. Kagan, N. W.: Ztschr. f. Immunitatsforsch. u. exper. Therap. 72:20, 1931. 
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lower than Kagan’s,'* but higher than those of Bunnell.’* The latter's 
findings, however, are higher than Davidsohn’s, whose titers, in turn, 
are higher than those of Deicher.'* These differences are shown in 
table 1, in which the findings of these investigators are tabulated accord- 
ing to the final dilution (to be discussed later) of serum in the test. 
In the practical application of the increase in sheep cell agglutinins to 
pathologic conditions interest should be centered not so much on the 
percentage of normal serums possessing agglutinins or on the average 
titer of the normal serums (normal only with respect to serum disease 
and infectious mononucleosis), as on the height to which the titer may 
rise in such serums. For this reason the actual number of serums 
examined is of little significance, since if the work is accurately done 
the finding of 1 normal serum with a high titer in 100 cases is statis- 
tically more significant than finding no serum with a high titer in 1,000 
cases. The discrepancies in the reports of the investigations tabulated 
are so great that obviously one must look for some variation other than 
that in the individual serums examined to explain the discrepancy. 

A careful review of the literature convinces one that many if not 
all of the discrepancies can be traced to wide differences in the technic 
employed in making and recording the results of the tests. Kagan" 
in testing a serum in a 1:10 dilution used 0.25 cc. of the dilution in 
question, to which he added 0.1 cc. of the cell suspension. The final 
dilution of serum was then 1:14. Bunnell,’* on the other hand, used 
0.5 cc. of the 1: 10 dilution of the serum, to which he added 0.5 cc. of the 
cell suspension with 1 cc. of saline solution, making the final dilution 
of the serum 1:40. Yet both reported their results in terms of a 1: 10 
dilution. This fact alone will account for some of the confusion in 
the reports of investigators. It is to be regretted that the fail- 
ure to report results in terms of the final dilution of serum is so common, 
because in reviewing the work of different men it is usually necessary 
to reduce all dilutions to the final dilution of the serum. This procedure 
is often laborious and sometimes impossible, since all the facts are not 
given, in which case comparison is not possible. For this reason abstracts 
dealing with dilutions of serum, particularly those involving low titers, 
in which technical details are omitted, are often misleading. All this 
confusion would be eliminated if investigators would report their work 
in terms of final dilution. 

Deicher '* used 1 cc. of a specified dilution of serum, with 1 cc. of 
a 5 per cent cell suspension. He used, then, a final concentration of cells 
of 2.5 per cent, whereas practically all other investigators used a final 
concentration of approximately 0.5 per cent. In order to determine the 
effect of varying cell concentrations in this reaction the following experi- 








14. Bunnell, W. W.: Am. J. M. Sc. 186:346, 1933. 
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ment was tried: From a single normal human serum, in quantities of 
0.5 ce., four sets of serial dilutions ranging from 1:2.5 to 1: 1,280 
were prepared in serologic tubes, 100 by 10 mm. To the first set of 
tubes was added 0.5 cc. of a 5 per cent suspension of sheep cells, giving 
a final cell suspension of 2.5 per cent and final serum dilutions of from 
1:5 to 1:2,560. To the three remaining sets of tubes was added 0.5 
ce. of cells of such concentration that the final cell suspensions were 
0.5 per cent, 0.1 per cent and 0.02 per cent, respectively. All the tubes 
were shaken and incubated at 37.5 C. for two hours. Deicher '? made 
his final reading at the end of two hours of incubation, while all other 


investigators seem to have recorded their results after the tubes had 
TaBLeE 2.—Sheep Cell Agaglutination in Serums of Twenty-Five Normal Human 
Beings with Varying Concentrations of Sheep Cells 


After Two Hours at 37.5 C. 


Dilutions 
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remained in the icebox overnight. We, therefore, noted the degree of 
agglutination after two hours at 37.5 C., placed the tubes in the icebox 
at approximately 5 C. and made a second reading twelve hours later. 

In table 2 are tabulated the results of the first reading on 25 separate 
experiments. The figures opposite the cell concentration give the num- 
ber of serums that were positive under the dilution specified. Thus, 
when a 2.5 per cent cell suspension was used, 24 of the 25 serums were 
negative and 1 was positive in a dilution of 1:5. These results are in 
perfect accord with those of Deicher.‘* With a cell concentration of 
0.5 per cent, 24 serums showed no agglutination and 1 serum agglu- 
tinated in a 1:20 dilution. As the concentration of the cell suspension 
decreased, however, agglutination did occur in some of the serums. In 
the 0.02 suspension 6 serums were negative and 1 serum (the one that 
agglutinated in the other concentrations) agglutinated in a dilution 
of 1:320. Quite different results were obtained when the tests were 
read after twelve hours at 5 C. One hundred per cent of the serums 
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were positive in the 0.5 per cent suspension in dilutions ranging from 
1:5 to 1:80, while in the 0.02 per cent suspension 100 per cent of the 
serums were positive in dilutions ranging from 1: 80 to 1: 1,280. 

It is evident from table 2 that the concentration of sheep cells used 
in the test and the temperature at which the tests are incubated exert 


a profound influence on agglutination. Experience has shown that indi- 


vidual variation in packing sheep cells to prepare suspensions for the 
test, such as the size of the centrifuge tube used, the proportion of 
cells to saline solution, the total volume in the tube and particularly 
the speed and time used in centrifugation, may give a difference in the 
final reading of titers from 1 to 2 dilutions. We have not investigated 
the effects of temperature other than to note that a difference might 
arise from variations of temperature in the icebox. It was noted, how- 
ever, that tests in which the results were read after twelve hours at 5 C. 
and the tubes then replaced in the icebox for another twelve hours 
invariably gave a somewhat higher titer, from one to two dilutions, at 
the end of the twenty-four hours. Whether this is due to the continued 
slow adsorption of agglutinins throughout the twenty-four hours or 
to more efficient adsorption because of thoroughly shaking the tubes at 
the end of twelve hours, we cannot say. 

As soon as the difference in the readings on tubes placed in the incu- 
bator and in the icebox was noted the possibility of cold agglutinins 
seemed likely, and the tubes were again incubated at 37.5 C. for two 
hours and the titers again noted. (Landsteiner,’* working on the agglu- 
tinins in human serum for homologous cells, found one agglutinin 
flocculating cells only at low temperature. This agglutinin, which was 
found to be separate from other agglutinins in human serum and sero- 
logically specific for its homologous antigen, he called a “cold agglu- 
tinin.”’) The results of the final readings are recorded in table 2. The 
titers obtained from serums placed in the icebox are almost completely 
reversible, since reheating the tubes disperses the agglutinated cells and 
lowers the titers to practically the same level that was found after the 
first two hours of incubation at 37.5 C. One serum, however, agglu- 
tinated the 0.5 per cent cell suspension in a 1: 20 dilution after two hours 
at 37.5 C. and in a 1: 40 dilution after twelve hours at 5 C., and dropped 
back only 1 dilution, to 1:20, after being reheated for two hours in the 
incubator. In addition to the 25 specimens of serum just mentioned 
96 others were examined for reversibility, using only the regular 0.5 
per cent cell concentration. In this number only 3 irreversible serums 
were found. It is interesting to note that reversibility is not dependent 
on the height of the icebox titer since in the serums examined, 2 having 
an icebox titer of 1: 160, 7 with a titer of 1:80 and 17 with a titer of 


15. Landsteiner, K., and Levine, P.: J. Immunol. 12:441, 1926. 





STUART ET AL—INFECTIOUS MONONUCLEOSIS 207 


1:40 were completely reversible, while the 3 serums which were irre- 
versible possessed icebox titers of 1:20, 1:40 and 1:80. Two hours 
at 37.5 C. is by no means essential for complete reversibility since some 
serums having icebox titers of 1:40 or 1:80 were completely reversed 
in from ten to thirty minutes at room temperature. Individual serums 
after agglutination in the icebox seem to differ in the speed of reversion. 

The question naturally arises as to whether in this case one is con- 
cerned with cold agglutinins, pseudo-agglutinins or merely better agglu- 
tination at low temperature. That pseudo-agglutination can be definitely 
ruled out will be seen from the following experiment: One cubic centi- 
meter of a 1:2 dilution of each of the aforementioned 96 serums was 
adsorbed with 0.5 cc. of packed sheep cells for two hours at 5 C. with fre- 
quent shaking. The cold tubes were centrifugated for two minutes, after 
which the supernatant fluid was removed as rapidly as_ possible. 
Twenty-five-hundredths cubic centimeter of the supernatant fluid was 
placed in each of 3 tubes. To the first tube was added 0.25 ce. of a 
1 per cent sheep cell suspension and to the second the same amount of 
a 0.04 per cent cell suspension, while to the third tube was added 0.25 
cc. of a 1 per cent suspension of rabbit cells. The tubes were kept 
at 5 C. for twelve hours. Of the 96 serums tested in this way none 
showed any agglutination with the 0.5 per cent concentration of sheep 
cells and only 1 serum reacted positively with the 0.02 per cent concen- 
tration. All 96 serums completely agglutinated the rabbit cells. Fur- 
thermore, several serums were adsorbed for two hours at 5 C., placed 
in the incubator at 37.5 C. for two hours and then centrifugated, after 
which the supernatant fluid was tested for sheep cell agglutinins. Agglu- 
tinins were found in ali the supernatant fluids, though in varying 
concentrations. (Jervell,'® working with human iso-agglutinins, reported 
similar findings.) Obviously, then, agglutination of sheep cells by human 
serums at low temperature is a specific antigen-antibody complex, and 
the agglutinins which are adsorbed at low temperature are in part at 
least released at high temperatures. Whether or not we are dealing 
with a specific cold agglutinin of the type described by Landsteiner 7 
is a problem beyond the scope of this paper. 

It has been shown that the agglutinating titer of normal human 
serums for sheep erythrocytes may be greatly influenced by the con- 
centration of cells, the temperature at which the tests are incubated 
and the length of incubation. Furthermore, it is the practice of some 
technicians, on removing serum from the icebox after overnight incu- 
bation, to let the tubes stand at room temperature or even in the incuba- 
tor for varying lengths of time before the tests are read, until the 


16. Jervell, M.: J. Immunol. 6:445, 1921. 
17. Rosenthal, N., and Wenkebach, G.: Klin. Wchnschr. 12:499, 1933. 
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moisture which collects on t’ie tubes has been dispelled. Such a pro- 
cedure greatly alters the reading, depending of course on the time 


elapsing between removal from the icebox and reading of the tests. 


It should also be borne in mind that reading hemagglutination tests 
employing a 0.5 per cent concentration of cells is not as simple as reading 
bacteriologic agglutination tests. In the latter case a single flirt of 
the tube is often sufficient to read the test, but in the former, in which 
pseudo-agglutination is often pronounced in tubes containing an appre- 
ciable amount of serum, the tubes must be flirted several times in order 
to get a true reading. All these things serve to emphasize the fact 
that the test must be carefully standardized before it can be successfully 
used in routine work. . 

Sheep Cell Agglutinins in Serums from Persons with Infectious 
Mononucleosis —The serums from 14 persons in whom the clinical and 
cytologic pictures were in every way consistent with the diagnosis of 


TABLE 3.—Titer of Sheep Cell Agglutinins in the Serums of Patients with 
Infectious Mononucleosis 


Titer Case Titer 
1:1,280 W Seis 1:2,560 
1:640 a ; : 1:640 
131,280 Dibisienrices ; 1:1,280 
1:320 SS... : 1:640 
1:640 oe ee 1:640 


infectious mononucleosis were examined. The titers of these serums, 
which ranged from a dilution of 1: 320 to one of 1: 5,120, will be found 
in table 3. The findings unquestionably support the contention of Paul 
and Bunnell! that the test is a valuable aid in the diagnosis of infec- 
tious mononucleosis. Yet no report on this subject has sufficiently 
emphasized the fact that the agglutination test unsupported by the 
clinical and cytologic evidence may result in a false diagnosis. Rosen- 
thal and Wenkebach** are inclined to believe that a titer as low as 
1:64 (final dilution) is indicative of infectious mononucleosis, irre- 
spective of the cytologic picture. Bunnell,’* however, found that 4.8 
per cent of 1,600 Wassermann serums had a titer of at least 1:64. Of 
300 normal and Wassermann serums examined by us, 6.99 per cent had 
titers of at least 1:64. To call such a high percentage even of Wasser- 
mann serums positive for infectious mononucleosis is obviously impos- 
sible. Bunnell found a differential of only a single dilution between his 
normal specimen with the highest titer (1: 126) and his positive serums 
with the lowest titer (1: 256). Excluding the 1 serum having a titer 
of 1:320 (to be discussed later), there is a similar differential of a 
single dilution from 1: 160 to 1: 320. Any serologic test with such a 
low differential between the negative and positive serums can hardly 
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be expected to inspire the clinician or the technician with confidence. 
Serologic interest, then, should center on those cases in which the clin- 
ical, cytologic and serologic picture is doubtful, rather than on the high 
titer in acute conditions which can be diagnosed without the aid of the 
agglutination test. 

The agglutinations at icebox temperature which occurred in all the 
normal serums were reversible in approximately 97 per cent of the 
cases. It seemed that this fact could be utilized in the test, since in no 
case in which the clinical and cytologic pictures were definitely those 
of mononucleosis was reversibility in the agglutination found even when 
the tubes were reincubated at 37.5 C. for several hours. Among the 
serums tested for mononucleosis before reversibility was noted were 
3 in which the clinical, cytologic and serologic findings were doubtful. 
The 3 serums, A, B and C, at 5 C. gave sheep cell titers of 1: 160, 1: 160 
and 1: 320, respectively. Reexamined for reversibility five months after 
the original examination, A still showed a titer of 1: 160 at low tem- 
perature, but was completely reversible at 37.5 C.; B, one month sub- 
sequent to the first test showed a titer of 1: 160 at 5 C., but was likewise 
reversible at 37.5 C. Serum C, examined several times over a period 
of eight months, constantly agglutinated sheep cells in a dilution of 
1: 320 at 5 C., but only to 1:80 at 37.5 C. The complete reversibility 
of agglutination in the first 2 serums and the low titer of C at 37.5 C., 
together with the length of time over which the agglutinins persisted 
in the blood of the latter, led us to conclude that these three doubtful 
cases were negative with respect to infectious mononucleosis. 

It is highly probable that the test for sheep cell agglutinins in the 
serum of patients with a condition suggestive of mononucleosis will 
soon become a routine procedure. In view of the findings we propose 
certain changes in the technic advocated by Paul and Bunnell. These 
investigators used 0.5 ce. of the serum dilution, 0.5 cc. of a 2 per cent 


sheep cell suspension and 1 cc. of saline solution. The total volume of 


2 ce. results in such a column of liquid in the usual 100 by 10 mm. tubes 
that a satisfactory reading can be made by only placing the finger over 
the end of the tube and tilting it 3 or 4 times. In routine work there 
is a certain element of danger in this method since in the same rack 
a technician may have agglutination tests for pathogenic organisms, and 
it is not improbable that on occasions the wrong tube may be inverted 
with the finger over the end. The extra 1 cc. of saline solution plays 
no role in the test and should be omitted. The same concentration 
of cells can be obtained by adding 0.5 cc. of a 1 per cent suspension. 
In order to insure uniform sheep cell suspensions for the test, all sus- 
pensions should be prepared from 2 cc. of concentrated washed cells 
which have been centrifugated in 8 cc. of saline solution for five min- 
utes at a speed of approximately 2,200 revolutions a minute. A final 
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reading should be made after four hours of incubation at 37.5 C., since 
incubation for two hours at this temperature is not sufficient to give 
complete agglutination in any dilution, regardless of the final titer. If 
this is not convenient the tests, as soon as completed, may be put in 
the icebox overnight to be read the next morning after incubation for 
two hours at 37.5 C., with occasional shaking. In this way the often 
confusing cold agglutination is dispersed, making the diagnosis far more 
certain. We are of the opinion that a serum which agglutinates sheep 
cells by this procedure in a dilution of 1:80 may be classed as sugges- 
tive. But it should be remembered that the agglutinins do not appear 
in the blood stream in any significant concentration until several days 
after the first appearance of symptoms; therefore a suggestive serum 
should not be made the basis of a negative diagnosis until further tests 
have been made. With substantiating clinical and cytologic pictures 
serums agglutinating in dilutions of 1: 320 or more may well be con- 
sidered positive. 

Nature of the Sheep Cell Agglutinins in Mononucleosis —David- 
sohn 14 expressed the opinion that the increase in the agglutinin content 
in the blood in serum sickness is specific for sheep erythrocytes, and 
on the basis of adsorption tests concluded that the antibody is hetero- 
phile. Kagan,’* on the other hand, concluded that the increase in 
agglutinins was nonspecific since the titers for rabbit cells were increased 
to practically the same extent. Our serums which were positive for mono- 
nucleosis were tested for rabbit as well as sheep cell agglutinins. The 
results are in accord with Davidsohn’s '' in that, while there is a slight rise 
in all cases in the rabbit cell agglutinins, the increase is insignificant in 
comparison with the increase in the sheep cell titer. Two cases that 
were carefully studied in this respect, with titers examined weekly for 
several weeks after the onset of symptoms, will serve to illustrate the 
point. In the first case the sheep cell titer rose from no agglutination 
in a dilution of 1:5 at 37.5 C. to 1:5,120, whereas the rabbit cell titer 
increased from 1:80 to 1: 160. In the second case the sheep cell titer 
rose from negative to 1: 2,560, while the rabbit agglutinins increased 
from 1: 160 to 1: 1,280. 

Investigators 1* consistently referred to the sheep agglutinins in 
mononucleosis as heterophile antibodies, without attempting to justify 
their statement other than by adsorption with raw sheep cells. Three 
of our positive serums with the highest titer (cases 26, 27 and 28) 
were successively adsorbed 3 timegin a dilution of 1:25 with raw and 
boiled sheep erythrocytes and emulsions of guinea-pig kidney, guinea-pig 


testicle and rabbit kidney. As a control over nonspecific adsorption, 
a specially activated charcoal was also used. The results of the adsorp- 


18. Paul and Bunnell. Bunnell.14 Rosenthal and Wenkelach.!7 
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tion tests will be found in table 4. Sheep cell agglutinins in such serums 
are readily adsorbed with both raw and boiled sheep cells and, as might 
be anticipated, they are not removed to any appreciable extent by rabbit 
erythrocytes or emulsions of rabbit kidney. It is surprising, however, that 
emulsions of guinea-pig kidney and testicle which carry the heterophile 
antigen were not more effective in removing the agglutinins. On three 
other occasions such serums were repeatedly adsorbed with various 
emulsions of guinea-pig tissues, including a suspension of connective 
tissue, but the results were practically the same. Attention is called 
to the unusual degree of nonspecific adsorption obtained with the 
charcoal. 


TaBLE 4.—Adsorption of the Sheep Cell Agglutinins in Mononucleosis Serum with 
Various Substances 


Serum First Second Third 
Materials Used for Adsorption Adsorbed Adsorption Adsorption Adsorption 
Raw sheep cells........ paeceeenere “vee 25 
26 
28 
Boiled sheep cells ; ewe —e cinta 25 
26 
28 
Raw rabbit cells... ; ‘kame me 25 
26 
28 
Guinea-pig kidney.. 


Guinea-pig testicle. 
Rabbit kidney....... 


Norite charcoal.. 


Before the heterophile nature of the sheep cell agglutinins in the 
blood stream of patients with infectious mononucleosis can be unre- 
servedly accepted one curious fact must be explained. Schiff and Adels- 


‘8 and numerous others have shown that in man heterophile 


berger 
antigen is present in the cells of groups A and AB. Kritschevsky,”° 
however, expressed the opinion that heterophile antigen is present to 
some extent in the cells of all four groups. In nine of our positive cases 
the blood was typed ; 2 were in group O, 2 in group B and 5 in group A. 
One patient in group A had a sheep cell titer of 1:5,120 for both 


agglutinins and hemolysins. How, then, is the presence of these two 


19. Schiff, F., and Adelsberger, L.: Ztschr. f. Immunitatsforsch. u. exper. 
Therap. 40:334, 1924. 

20. Kritschevsky, I. L., and Messik, R. E.: Ztschr. f. Immunitatsforsch. u. 
exper. Therap. 56:130, 1928. 
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incompatible substances, heterophile antigen in the erythrocytes ani! 
antibody in the serum coexisting in the same blood stream without any 
apparent reaction, to be explained? There appear to be no symptoms 
in infectious mononucleosis consistent with those that might be antici 
pated from such an interaction. 

Serum containing heterophile antibodies is toxic for the guinea-pig 
whose tissues contain heterophile antigen. Therefore, 0.5 cc. of the 
serum of 2 patients with mononucleosis having titers of 1:640 and 
1: 1,280, respectively, for sheep cell agglutinins was injected intrave- 
nously into guinea-pigs weighing 300 Gm. The same amount of serum 
from normal persons and serum from a rabbit immunized against guinea 
pig kidney, which possesses heterophile antigen, was injected into similar 
animals as controls. Mild anaphylactic symptoms were noted in the 
animals into which the serums from patients with mononucleosis and 
from normal human beings were injected. The injection of rabbit anti- 
kidney serum, however, resulted in typical anaphylactic death in from 
five to ten minutes. It is possible that an insufficient amount of mono- 
nucleosis serum was injected into the guinea-pigs (more serum could 
not be obtained), yet the rabbit antikidney serum which was fatal pos- 
sessed an agglutinating titer for sheep cells of only 1: 160. On the 
other hand, 1 patient (case 26), with a previous history of sensitivity 
to horse serum, reacted markedly to a test dose of horse serum, which 
carries the heterophile antigen. If the antibodies in mononucleosis are 
heterophile, and it must be assumed that they are until more evidence 
to the contrary is produced, the clinician must bear this in mind should 
the use of therapeutic horse serum for any reason seem advisable during 
the course of the disease. 


REPORT OF CASE 


Case 26.—S. A., a woman, aged 26, was a graduate student. The onset of the 
condition was on Oct. 30, 1933, after a cough for three or four days. The chief 
complaints were fever, swollen eyelids and a severe hacking cough. There was 
little or no headache. The patient was first seen on October 31. The temperature 
was 100 F. and the pulse rate 98. The eyelids were swollen, and an enlarged 


and tender lymph node was evident below the angle of the jaw on the right side, 
with one or two slightly enlarged and tender lymph nodes in the posterior cervical 
area on the right side. There was a small patch of exudate on the right tonsil. 

November 1: The distressing cough and the swelling of the eyelids continued. 

November 2: Slightly enlarged and definitely tender lymph nodes were evident 
in the posterior cervical region on the left side. The axillary nodes were enlarged, 
but not tender. The spleen was not palpable. There was no enlargement of the 
inguinal nodes. 

November 3: The spleen was palpable. Prostration was fairly marked. 
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November 4: The spleen had increased in size and was tender. The inguinal 
nodes were definitely enlarged but not tender. 

November 8: The spleen was still larger and more tender. There was spon- 
taneous pain in the region of the spleen during the night. 

November 13: The spleen was barely palpable and slightly tender. The cer- 
vical nodes were smaller and not tender; the inguinal glands were still enlarged 
but not tender. A test dose of horse serum was injected intradermally into the 
left forearm. There was a marked local reaction including a wheal 2 cm. in 
diameter and an area of redness 13 cm. in diameter (still discernible at the end 
of a week). There was a blotchy redness from the shoulder to the wrist. 


November 21: The patient was apparently well. 
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Fig. 2 (case 26).—Record of patient with marked sensitivity to horse serum: 
upper section, temperature ; middle section, leukocyte count in thousands, and lower 
section, titer for sheep cell agglutinins. 


Comment.—Case 26 represents a moderately severe attack of infec- 
tious mononucleosis in which fever, prostration and splenic enlargement 
were marked, the blood picture characteristic and the sheep cell agglu- 
tinin titer high. It is notable that on the third day of definite illness, 
although the blood picture definitely suggested mononucleosis, the clin- 


ical picture was not suggestive and the test for sheep cell agglutinins 
was negative. 


For comparison with this patient another may be cited. 


This patient, a man aged 22 years, a student, at no time felt ill except for sore 
throat, and the maximum temperature was 99.5 F. Nevertheless the blood picture 
was characteristic and extreme, and the sheep cell agglutinins reached a maximum 
titer of 1: 5,120. 
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SUMMARY 

1. A brief presentation of the clinical and cytologic aspects of infec 
tious mononucleosis, based on a study of 28 sporadic cases of the disease, 
and a more extended report of serologic investigations of the disease 
are submitted. 

2. The morphologic characteristics of the predominant blood cell 
at the height of the disease suggest that it is an immature lymphocyte. 

3. Supravital staining methods employed in one case support this 
view. 

4. Evidence of amitosis of lymphocytes in the circulating blood 
stream similar to that noted in lymphatic leukemia is presented. 

5. It is demonstrated that the agglutination of sheep cells by normal 
human serum is greatly influenced by the concentration of cells used 
and the temperature at which the serum is incubated. 

6. The agglutination of sheep cells by normal human serum at low 
temperatures is reversible at 37.5 C. in most cases. 

7. Serum from patients with infectious mononucleosis agglutinates 
sheep cells equally well at 5 C. and at 37.5 C. 

8. Certain changes in the technic of the serologic test for infectious 
mononucleosis are proposed. 


9. It is pointed out that the serologic test without confirmatory 
clinical and cytologic findings may result in false diagnoses. 


10. Certain facts must be explained before the heterophile nature 
of the antibody in mononycleosis can be unreservedly accepted. 


Alex M. Burgess Jr. prepared the plates and applied the supravital staining 
technic in case 26. Miss Evelyn Goodale assisted in the serologic work and 
E. G. E. Anderson of the Charles V. Chapin Hospital furnished materials during the 
course of the work. 





CONCENTRATION OF SERUM PROTEIN IN DIF- 
FERENT TYPES OF EDEMA 


ILLUSTRATIVE CASES 


HAROLD M. HAND, M.D. 


SAN FRANCISCO 


In 1895 Starling’ first advanced his theory of the production of 
edema and the exchange of fluids between the blood and the tissue 
spaces. He showed that the colloid osmotic pressure of the serum 
was proportional to the concentration of protein in the serum. He 
advanced the theory that a decrease in the colloid osmotic pressure 
was responsible for the loss of fluid into the tissues and the production 
of edema. He contended that the crystalloids, though having a high 
osmotic pressure, have little influence on the exchange of water, because 
they pass through the walls of the vessels with the water, while the 
proteins, although having a much lower osmotic pressure, exert the 
principal influence because they do not pass through the walls of 
the vessels. Starling was unable to reduce the edema in the edema- 
tous leg of a dog by perfusion with Ringer’s solution, but when perfu- 
sion with serum was done, the edema was reabsorbed. 

Shade and Clausen * and Govaerts * measured the colloid osmotic 
pressure and found it roughly proportional to the concentration of 
protein in the serum. They also found that the colloid osmotic pressure, 
or what they called the oncotic pressure, could be closely correlated 
with the development of edema. Govaerts also determined the amount 
of colloid osmotic pressure exerted by albumin and by globulin. He 
estimated that 1 Gm. of albumin per hundred cubic centimeters exerted 


a colloid osmotic pressure of 7.54 cm. of water, and 1 Gm. of globulin 
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1. Starling, E. H.: On the Absorption of Fluids from the Connective Tissue 
Spaces, J. Physiol. 19:312, 1895-1896. 

2. Shade, H., and Clausen, F.: Der onkotische Druck des Blutplasmas und 
die Entstehung der renalbedingten Odeme, Ztschr. f. klin. Med. 100:363, 1924. 

3. Govaerts, P.: Influence de la teneur du sérum en albumines et en globulines 
sur la pression osmotique des protéines et sur la formation des oedemes, Bull. 
Acad. roy. de méd. de Belgique 7:356, 1927. 
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per hundred cubic centimeters, a pressure of 1.95 cm. of water. In other 
words, albumin exerts roughly four times as much osmotic pressure as 
globulin. This is consistent with its lesser molecular weight, and is 
of importance because it helps to explain the tendency of edema to 
parallel more closely the albumin than the globulin level. 

The explanation of the interchange of fluids between the blood 
stream and the tissue and lymph spaces, according to the theory of 
Starling, Govaerts and Shade and Clausen, is dependent on the inter- 
balance between two principal factors: the hydrostatic pressure (blood 
pressure) at the arterial end of the capillary, which tends to drive fluids 
through the capillary wall into the tissues, and the osmotic (or oncotic) 
pressure exerted by the nondiffusible proteins, which tends to draw 
water from the tissues into the blood stream. 1. Normally the hydro- 
static pressure at the arterial end of the capillary drives fluid into the 
tissues, but as this pressure becomes dissipated the colloid osmotic 
pressure exerted by the proteins (if in normal concentration) is able 
to resist the hydrostatic pressure and, toward the venous side of the 
capillary, to draw fluids back into the blood stream. 2. If the concen- 
tration of serum protein is low the effective colloid osmotic pressure 
is reduced and consequently is unable to counterbalance the hydro- 
static pressure. 3. If the venous pressure is increased, as in cardiac 
failure or venous obstruction, the hydrostatic pressure will be much 
higher than normal toward the venous side of the capillary, the normal 
osmotic pressure will be unable to return fluid into the capillary, and 
edema will result. 4. In case of injury or inflammation of the capillary 
wall it is thought that increased permeability results and that proteins 
to which the capillary wall is normally impermeable pass into the tissue 
spaces. This decreases the osmotic pressure in the capillary owing to 
the loss of proteins, and also decreases the effective osmotic pressure 
because the amount of protein in the tissue spaces is exerting an oppos- 
ing osmotic pressure which must be overcome in addition to the hydro- 
static pressure. 

According to this concept anything which decreases hydrostatic 
pressure or increases osmotic pressure in the capillaries will cause 
absorption of fluid; while anything which increases hydrostatic pressure 
or lowers osmotic pressure, as well as anything which increases capillary 
permeability, will favor loss of fluid into the tissue spaces and edema. 

Landis * measured the rate and direction of the exchange of fluid 
between the capillaries of the mesentery of a frog and the tissue 


spaces and also the capillary pressure. He found that following three 


4. Landis, E. M.: Micro Injection Studies of Capillary Permeability: III 
The Effect of Lack of Oxygen on the Permeability of the Capillary Wall to 
Fluid and to the Plasma Proteins, Am. J. Physiol. 83:528, 1928. 
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minutes of lack of oxygen the permeability of the capillary wall was 
vreatly increased. This allowed fluid to filter through at approximately 
four times the normal rate and also permitted the passage of proteins 
through the wall, thus reducing the effective osmotic pressure of the 
plasma proteins to about half the normal value. However, this move- 
ment of fluid through the asphyxiated capillary wall was proportional 
to the difference between the capillary pressure and the effective osmotic 
pressure. 

The theory of Starling was given its first practical application by 
Epstein ° in explaining the production of edema in nephrosis, in which 
he found the levels of the serum proteins low. Kohman* produced 
edema in rats by diets very low in proteins and, in some, by a synthetic 
diet complete in every respect except for proteins. This work was 
confirmed by Frisch, Mendel and Peters,” who also demonstrated that 
the serum protein values were lowered about 40 per cent from those 
at the start of the experiment. 

Leiter,* Darrow, Hooper and Cary ® and Lepore '’ produced edema 
by repeated plasmapheresis in dogs, that is, by bleeding the dogs, centri- 
fugating the blood, suspending the erythrocytes in saline or in Locke’s 
solution and reinjecting this into the dogs intravenously. Edema occurred 
when the serum protein levels were lowered by this method to from 3 
to + Gm. per hundred cubic centimeters. Darrow, Hooper and Cary ° 
concluded that dogs rendered edematous by plasmapheresis show a 
type of edema closely analogous to that of nephrosis, hydropigenous 


nephritis, nutritional edema and cachectic states, and that the low plasma 


protein level is not a cause of permanent renal damage. Leiter,*” in 
his later experiments, showed that the edema fluid contained almost 
no protein. This observation indicates that the capillary wall has not 
become permeable to protein in this type of edema. 


5. Epstein, A. A.: Concerning the Causation of Edema in Chronic Parenchy- 
matous Nephritis; Method for Its Alleviation, Am. J. M. Sc. 154:638, 1917; 
Further Observations on the Nature and Treatment of Chronic Nephrosis, ibid. 
163:167, 1922. 

6. Kohman, E. A.: The Experimental Production of Edema as Related to 
Protein Deficiency, Am. J. Physiol. 54:378, 1920. 

7. Frisch, R. A.; Mendel, L. B., and Peters, J. P.: The Production of Edema 
and Serum Protein Deficiency in White Rats by Low Protein Diets, J. Biol. Chem. 
84:167, 1929. 

8. Leiter, L.: (a) Experimental Edema, Proc. Soc. Exper. Biol. & Med. 
26:173, 1928; (b) Experimental Nephrotic Edema, Arch. Int. Med. 48:1 (July) 
1931. 

9. Darrow, D. C.; Hooper, E. B., and Cary, M. K.: Plasmapheresis Edema: 
I. The Relation of Reduction of Serum Proteins to Edema and the Pathological 
Anatomy Accompanying Plasmapheresis, J. Clin. Investigation 11:683, 1932. 

10. Lepore, M. J.: Experimental Edema Produced by Plasma Protein Deple- 
tion, Arch. Int. Med. 50:488 (Sept.) 1932. 
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ORIGIN AND REGENERATION OF PLASMA PROTEIN 


The origin of the plasma proteins is not definitely known. Some 
believe that they are formed in the liver, as has been shown definitely 
to be the case with fibrinogen by Whipple and his co-workers. Others 
believe that they are produced by the blood-forming organs or by the 
intestinal mucosa. It is known that normal endothelium, with the excep- 
tion of that of the capillaries of the liver, the intestinal mucosa and 
possibly the lungs, is impermeable to the plasma proteins and_ that 
the capillaries of the bone marrow, spleen and blood-forming organs 
are as a whole permeable to the formed elements of the blood, and may be 
assumed to be permeable to the plasma protein.*' Although there is no 
direct evidence concerning the origin of these proteins the many condi- 
tions effecting their depletion and regeneration suggest that the pro 
duction of albumin and that of globulin, if not independent processes, 
are at least controlled by different influences.’ 


NORMAL RANGE OF PLASMA PROTEIN VALUES 

Moore and Van Slyke,’* investigating the normal range of plasma 
protein values, gave the results of their determinations on 9 normal 
subjects. They also gave those of Linder, Lundsgaard and Van Slyke 
on 8 normal persons and of Salvesen on 32 normal men and women. In 
averaging these they found that the three sets of data appear to fix with 
satisfactory agreement the normal plasma protein values in grams _ per 
hundred cubic centimeters at: total protein, from 6.2 to 8; albumin, 


from 3.6 to 5; globulin, from 2 to 3.5; albumin-globulin quotient, from 
1.2 to 2.2. 


LOW SERUM PROTEIN VALUES IN VARIOUS CLINICAL CONDITIONS 

In many clinical conditions one finds a lowered level of serum 
protein. Associated with this lowered level, if it is sufficiently marked, 
one finds edema. If one attempts to explain these obscure edemas 
on the Starling theory and hypoproteinemia one should consider such 
edemas in the light of the probable cause of the deficiency of serum 
protein. Low levels of serum protein may result from: (1) insuffyient 


protein intake owing to an inadequate diet; (2) excessive loss of pro- 
tein through proteinuria, diarrhea or hemorrhage; (3) excessive 


11. Krogh, A.: The Anatomy and Physiology of Capillaries, New Haven, 
Conn., Yale University Press, 1924, p. 230. 

12. Peters, J. P., and Van Slyke, D. D.: Quantitative Clinical Chemistry, 
Baltimore, Williams & Wilkins Company, 1932, vol. 1, pp. 655 and 688. 

13. Moore, N. S., and, Van Slyke, D. D.: The Relationships Between Plasma 
Protein Content, Plasma Specific Gravity, and Edema in Nephritis, J. Clin. Investi- 
gation 8:337, 1930. 
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ietabolic wastage or destruction of protein in chronic infections or 
cachectic states; (4) inadequate assimilation of protein or decreased 
formation of protein. 
Insufficient Protein Intake-—KEdema has long been observed to occur 
during war and famine. It was common in central Europe during the 
World War. Park '* observed over 400 cases in a German prison camp. 


fhe rations were low in protein and almost fat-free. The rations 
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Chart 1—Serum protein levels in different clinical conditions with which 
edema is often associated. The cases in which edema occurred are represented by 
black squares; those in which no edema occurred, by white squares. The protein 
level in each group of cases is read from left to right. The level indicated between 
the broken lines is the normal level. Note that practically all the cases in which 
edema occurred except those of the cardiac group showed deficits of serum albumin 
and total protein. 


were taken mostly in the form of soup, thus requiring ingestion of a 
large amount of fluid to obtain a small amount of nourishment. Park 


14. Park, F. S.: War Edema (Kriegsoedem), J. A. M. A. 70:1826 (June 15) 
1918. 
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considered the edema to be due to the deficient diet and to ingestio: 
of a large amount of fluid and salt, but did not relate it specifically t 
the protein intake or to the serum protein level. By refractometri: 
reading of war edema Schittenhelm and Schlecht '° estimated that th: 
protein levels were reduced to from 4 to 6 Gm. per hundred cubic 
centimeters. They also found that increased protein and fat in the 
diet was the principal factor in relieving the edema. Jansen '® mack 
similar observations on the serum protein level in war edema, and als: 
found that the patients were often in a condition of negative nitrogen 
balance. In fact, it has been estimated by Lusk ** that the average diet 
in Germany during the latter part of the war contained only 31.1 Gm. of 
protein per day. 

Weech and Ling,’® who studied a series of cases of nutritional edema 
during both the active and the convalescent stages, in China, found 
that the critical protein level of edema was close to 5 Gm. per hundred 
cubic centimeters. They also found that the edema followed the albumin 
level more closely than the total protein or the globulin level. When 
the albumin level was greater than 2.9 Gm. edema was never observed, 
but when the level fell below 2.5 Gm. edema was invariably present 
The edema was made worse by the administration of sodium chloride or 
sodium bicarbonate when the serum proteins were low, but these effects 
could not be produced after the administration of an adequate diet had 
resulted in a return of the serum proteins to normal levels. Liu, Chu, 
Wang and Chung,’® in a study of nutritional edema in China, found the 
edema and the serum protein level related to the protein intake. They 
also found that 1 Gm. of animal protein is equivalent to 2 Gm. of 
vegetable protein in increasing the plasma proteins. More recently, 
Youmans *° and: Youmans, Bell, Donley and Frank ** made a study of 
what they believed to be endemic nutritional edema in Tennessee. The 
diets of their patients were found to be low both in protein and in total 
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calories. The total serum protein was usually within the normal range, 
but the albumin and the computed colloid osmotic pressure were below 
normal. An increased intake of protein caused a rise in serum albumin 
and a disappearance of the edema. 

Cardiac edema is ordinarily accompanied by an increase in venous 
pressure. Theoretically this increase raises the hydrostatic pressure 
at the venous end of the capillary bed and edema cannot be prevented 
even though the serum protein values and the colloid osmotic pressure 
are normal. If the serum protein values are also reduced, as they 
occasionally are, one expects to find the cardiac edema increased by 
this additional nutritional factor. Krogh, Landis and Turner ** showed 
that fluid accumulates in the tissue spaces when the average venous 
pressure is above 17 cm. of water, and Landis, Jonas, Angevine and 
Erb 7% showed that the permeability of the capillary wall with respect 
to protein varies with the grade of venous congestion, and that the 
loss of fluid from the blood is conspicuously greater at higher venous 
pressures. 

Lack of oxygen, by causing increased permeability of the capillaries, 
may also be a considerable factor in the production of cardiac edema. 
Landis * showed that lack of oxygen increases the permeability of the 
capillaries and also causes the capillaries to become permeable to protein, 
thus reducing the etfective osmotic pressure of the plasma proteins. 
Payne and Peters ** called attention to the fact that the serous effusions 
from patients with cardiac failure contain distinctly higher concentra- 
tions of protein than do the almost protein-free effusions of nephrosis, 
and hence the “effective oncotic pressure” of the serum is decreased. It 
is evident, as they suggested that cardiac edema may occur at any 
protein level if the back pressure or increased venous pressure causes 


sufficient rise in the capillary pressure. However, this can proceed 


only to the point at which the mean capillary pressure equals the 
oncotic pressure. If the oncotic pressure is reduced by reason of a 
deficiency of serum protein, the same degree of congestion will produce 
a greater degree of edema. In 62 determinations on patients with 
varying degrees of cardiac failure Ellis *° found that although edema 

22. Krogh, A.; Landis, E. M., and Turner, A. H.: The Movement of Fluid 
Through the Human Capillary Wall in Relation to the Venous Pressure and to 
the Colloid Osmotic Pressure of the Blood, J. Clin. Investigation 11:63, 1932. 

23. Landis, E. M.; Jonas, L.; Angevine, M., and Erb, W.: The Passage of 
Fluid and Protein Through the Human Capillary Wall During Venous Congestion, 
J. Clin. Investigation 11:717, 1932. 

24. Payne, S. A., and Peters, J. P.: Plasma Proteins in Relation to Blood 
Hydration: VIII. Serum Proteins in Heart Disease, J. Clin. Investigation 11: 
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25. Ellis, L. B.: Plasma Protein Deficiency in Patients with Cardiac Edema, 
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frequently existed when the plasma proteins were above 5 Gm. pei 
hundred cubic centimeters owing to the mechanically increased venous 
pressure, edema was always present when the proteins were below 5 
Gm. Ellis also noted that the severe and stubborn cases of cardiac 
edema are frequently associated with low serum proteins. 

The low levels of the serum proteins in some cases of cardiac 
edema probably result from the low intake of protein, sometimes for 
a period of years, especially in cases of hypertensive cardiovascular 
disease. With the beginning of congestive failure and resulting anorexia 
the protein intake is often further restricted, and the case becomes one 
of malnutrition, with nutritional as well as cardiac edema. It would 
seem logical in cases of cardiac failure with edema to give a diet 
adequate in protein as well as high in carbohydrate. With care this 
can usually be accomplished in spite of the tendency to anorexia, and 
also without giving an excess of salt and fluid. In cases with marked 
lowering of the serum protein levels adequate protein in the diet is 
of great assistance, in addition to the regular treatment of congestive 
failure, in eliminating the edema which otherwise is rather stubborn. 
In view of these facts, and considering the work of Keutmann and 
McCann,** the common practice of marked restriction of protein intake 
in cases of hypertensive cardiovascular disease without retention of 
nitrogen would seem to be unjustifiable and at times harmful. 

The cases of cardiac disease with edema in the present study are 
listed in table 4. There are only 2 or 3 in which there was a sufficient 
deficit of serum protein for it to be considered a possible additional 
factor in the production of the edema. Case 23 is of interest. The 
patient had constrictive pericarditis with calcification of the pericardium, 
ascites and edema of the scrotum and extremities. He also had a 
considerable deficit of serum protein. He was improved following 
cardiolysis, but the edema did not entirely disappear until the serum 
protein levels had returned to normal on a diet high in protein. 

Diabetic edema is now seen much less often than before the use of 
insulin. This is probably because, with insulin, one is able to give 
patients a normal caloric intake, while formerly patients with moderatel) 
severe diabetes had to be maintained in a state of chronic malnutrition 
Peters, Bulger and Eisenman ** found the serum protein values normal 
in mild cases of diabetes unassociated with ketosis or malnutrition, but 
decreased in severe cases associated with chronic malnutrition. Bruck- 
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man, D’Esopo and Peters ** also found the serum protein values low 
in cases of diabetes with malnutrition, the deficit being principally in 
the albumin fraction. These workers also noted that with diabetic 
acidosis edema was seldom if ever seen, and that with acidosis and 
accompanying dehydration there was hemoconcentration and a serum 
protein level above that found when normal hydration was restored. 
Consequently the edema was usually seen in the absence of acidosis and 
dehydration or after the acidosis and dehydration had been relieved. 
However, in all cases of diabetes with edema there was low serum 
protein. Joslin and Goodall,*’ in 1908, found when treating diabetic 
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Chart 2—Serum protein levels in noncardiac cases of edema. The crosses 
represent cases. The space between the broken lines represents the normal range 
of the protein level. 


acidosis with sodium bicarbonate that edema developed in some of the 


patients while in others it did not. Hence they concluded that some 


factor other than the sodium bicarbonate must have been responsible 


for the edema. Although they did not, at that time, make serum 
28. Bruckman, F. S.; D’Esopo, L. M., and Peters, J. P.: The Plasma Pro- 
teins in Relation to Blood Hydration: IV. Malnutrition and the Serum Proteins, 
J. Clin. Investigation 8:577, 1930. 
29. Joslin, E. P., and Goodall, H. W.: Experiments on an Ash-Free Diet 
and Salt Metabolism with Especial Reference to Edema in Diabetes Mellitus, J. A. 
M. A. 51:727 (Aug. 29) 1998. 
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protein determinations, it seems probable that the patients with edema 
might have had low serum protein levels. 

Vomiting and anorexia, if they have persisted long enough, may 
result in malnutrition and hypoproteinemia due to inadequate intake 
of protein. This is well illustrated in case 6, table 2. This patient with 
linitis plastica due to scirrhous carcinoma or syphilis of the stomach 
gave a history of vomiting nearly everything he had eaten for from 
two to three months before admission. He had edema, bradycardia and 
somnolence, and the total serum protein amounted to 3.93 Gm. oi 
which 2.96 Gm. was albumin. Although the malnutrition and hypo 
proteinemia might have been due to the gastric lesion, it seems more 
probable that the decrease in the protein intake due to the vomiting was 
the principal factor, since on a diet high in protein the edema disappeared, 
the serum protein levels returned to normal and the patient felt so 
well that he left the hospital against advice. 

Excessive Loss of Protein—Although others had previously noted 
hypoproteinemia and excessive albuminuria in certain cases of nephritis 
with edema, Epstein was the first to explain the edema in these cases 
as caused by hypoproteinemia, according to the Starling theory. One of 
the chief objections to the explanation of nephrotic edema on the 
basis of hypoproteinemia is the well known fact that early in acute 
nephritis edema is present with a normal level of serum proteins. How- 
ever, it has been shown that the edema fluid in acute nephritis contains 
protein in a relatively high concentration, instead of being a practically, 
protein-free filtrate of the blood plasma as is the edema fluid of nephro- 
sis and malnutrition.°° This indicates that an increased capillary per- 
meability is responsible for the edema of nephritis, which is in keeping 
with the presence of hemorrhages and exudate in the retina, hematuria, 
hypertension and other evidences of involvement of the general vascular 
system rather than with a lesion confined only to the kidney. It has 
been shown that the edema of acute nephritis, if persistent, will become 
associated with low serum protein levels caused by proteinuria and 
malnutrition.” 


Peters ** and his associates showed that the reduction of the serum 
proteins at the expense of the albumin fraction is not characteristic 
of idiopathic nephrosis, but is equally or more common in other types 
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of nephritis with noncardiac edema, such as the nephrotic type of chronic 
glomerulonephritis or amyloid disease of the kidneys. It is probable 
that the reason the edema is associated with a deficit of albumin rather 
than with a decrease of globulin is that the protein in the urine is 
mostly albumin. According to Hiller, McIntosh and Van Slyke,** from 
85 to 90 per cent of the protein in the urine is albumin, while only 
from 10 to 15 per cent is globulin. However, the degree of the deficit 
of albumin is not entirely related to the amount of proteinuria in all 
cases,*? although this is undoubtedly the most important factor in the 
deficit ; many patients show unmistakable malnutrition. Peters ** and his 
associates found that when the serum protein level, by reason of a deficit 
of albumin, fell below 5 Gm. per hundred cubic centimeters, edema 
was usually present. When the protein level was between 4 and 5 Gm., 
the edema could usually be eliminated by therapeutic measures, but 
when it fell below 4 Gm., treatment was usually ineffectual. In a study 
of 75 cases of various types of nephritis, hemorrhagic, degenerative 
and arteriosclerotic, Moore and Van Slyke ’* found that when the 
total protein content fell below 5.5 + 0.3 Gm., or the albumin below 
2.5 + 0.2 Gm., or the specific gravity below 1.023 + 0.0003, edema was , 
usually present. A few exceptions to this rule were found: 1. During 
the first few weeks of acute hemorrhagic nephritis, or during exacerba- 
tions of chronic hemorrhagic nephritis due to injury or infection, a 
transient edema may be seen before the critical levels have been reached. 
2. When the serum globulin is involved so that changes in the total 
protein do not parallel the changes in the albumin level, the tendency 
to edema parallels only the albumin level. 3. Restriction of salt may 
cause the edema to be absent, with the serum proteins below the critical 
level; however, this usually causes only partial disappearance of the 
edema. 

The cases of nephrosis in the present study are listed in table 1. 
In the cases with edema the proteins were at or below the critical level 
except in case 5, in which they were slightly above this level. 

Peters, Wakeman, Eisenman and Lee ** mentioned the disappearance 
of edema during terminal infections without any appreciable change in 
the concentration of the serum protein. (This point is well illustrated 
in case 2, table 1. With the nephrotic type of glomerulonephritis already 
present primary peritonitis developed in this patient, and the edema 
rapidly disappeared, although the serum proteins were well below the 
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critical level and even a little lower than before the onset of the terminal 
infection.) The same investigators also showed that with extrem« 
hypoproteinemia the tendency to transudation becomes so marked that 
neither the onset of vomiting nor the use of acid diuretics, although 
they may cause marked hemoconcentration, produces much, if any, 
diuresis. In the terminal stages of nephritis the reduction of serum 
protein at the expense of the albumin fraction is common ** and, in 
some cases, is marked as in nephrosis. However, it is not possible 
to correlate this with the presence of edema because of the many variable 
and complicating factors, such as heart failure, malnutrition, marked 
hemoconcentration and rapidly changing electrolytic patterns. 

Excessive protein may be lost by way of the gastro-intestinal tract 
because of diarrhea or hemorrhage. Low serum protein levels are not 


TABLE 1.—Group 1. Nephrotic Glomerulonephritis 


Total 
Serum Albu- Glob- Albumin 
Protein, min, ulin, Globulin 
Diagnosis and Progress Edema Gm. Gm. Gm. Ratio 


Subacute glomerulonephritis : l 5.70 3.26 2.44 A: 
Nephrotie type of chronic glomerulonephritis p 9.08 ‘3 ‘ Be 
On readmission, 3 months later t J 
On readmission 1 month later, with pri- 
mary pneumococcie peritonitis, carbon 
dioxide-combining power, 39 per cent by 
volume, no edema 
Subacute glomerulonephritis 
Nephrotie type of chronic glomerulonephritis 
Nephrotie type of chronie glomerulonephritis 
After being on a diet high in protein 
After being on a diet high in protein...... 


frequently noted, however, probably because of the hemoconcentration 
caused by the severe dehydration, which masks the true serum protein 
levels. The dehydration and hemoconcentration are probably further 
increased by the acidosis caused by the loss of total base. In cases of 
diabetes with malnutrition the presence of acidosis and dehydration is 
known to mask the serum protein levels and edema, and low serum 
protein levels may be found after the restoration of normal hydration.* 
A similar mechanism is suggested by the occasional appearance of 
edema in infants with severe diarrhea after the dehydration has been 
overcome. Chester Jones *® mentioned low serum protein levels witl 
edema as one of the many complications of chronic ulcerative colitis 
Moschcowitz ** cited 3 cases of chronic ulcerative colitis with low 
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serum protein levels and edema. Edema and hypoproteinemia developed 
in 2 of the cases which I examined (34 and 35, table 5) following 
iliostomy for severe idiopathic ulcerative colitis. Owing to the excessive 
loss of protein in this disease it would seem important to see that these 
patients receive an adequate amount of protein to combat the tendency 
to hypoproteinemia. Moschcowitz suggested that chronic hemorrhage 
from the gastro-intestinal tract, as with ulcer and carcinoma, may pro- 
duce low serum protein levels and edema. However, since the tendency 
to hypoproteinemia and edema does not parallel the degree of anemia 
it is probable that factors other than the direct loss of protein by hemor- 
rhage, such as malnutrition due to inadequate intake or metabolic waste 


yf protein, play an important part. 
TABLE 2.—Group 2. Malnutrition, Malignant Tumor and Cachexia 


Total 
Serum d u Glob Albumin 
Protein, nin, ulin, Globulin 
Diagnosis and Progress Edema Gm. u Gm. Ratio 
Linitis plastica due to scirrhous carcinoma or 
syphilis of the stomach P ‘ ; : 
After being on a diet high in protein 
Hodgkin's disease, ascites, edema of lower 
extremities; postmortem, the glands were 
seen surrounding and pressing on the iliac 
vessels ree 
Carcinoma of the colon, metastasis 
liver, emaciation and dehydration 
Tertiary syphilis; diet low in protein and in 
calories sane uhm : 
Carcinomatosis ; s 
Carcinoma of the stomach, with metastasis 
‘arcinoma of the sigmoid, cachexia 


Excessive Destruction and Metabolic Vastage of Proteins.—In cases 
of chronic infection with malnutrition the serum protein levels are 
usually decreased and edema is occasionally seen. This was found by 
Bruckman, D’Esopo and Peters ** in cases of tuberculosis with mal- 
nutrition. They also found a marked tendency to increased globulin 
in conditions caused by chronic infection. Landis and Leopold ** found 


the serum protein level as low as 3.6 Gm. per hundred cubic centimeters 


in a case of tuberculous enteritis with a restricted diet. Wolferth 

reported low serum protein levels and edema in patients with fecal 
fistulas and emaciation. In 124 determinations on 57 patients who 
showed evidence of malnutrition Bruckman, D’Esopo and Peters found 
the total serum protein level reduced, and in this reduction the albumin 
fraction alone suffered except in the cases associated with infection, 
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as mentioned previously, in which the globulin tended to be increased 
They found that in the cases of malnutrition the administration of a 
high caloric diet with a large proportion of protein caused a gradual 
rise in the serum albumin as nutrition improved. Bruckman and Peters * 
concluded that malnutritional or cachectic edema is referable to a 
deficiency of serum albumin brought about by a wastage of body protein, 
the result of disease or of inadequate diet. That wastage of body 
protein is probably an important factor is suggested by the gradual 
fall of serum protein levels in cases of carcinoma in which cachexia 
develops in spite of a caloric and protein intake which would be adequate 
for a normal person. This is well illustrated in case 16, table 3, and case 
10, table 2. With carcinoma of the head of the pancreas and carcinoma 
tosis, respectively, the serum protein levels dropped in spite of every 
effort to keep up an adequate protein and caloric intake. 

The cases of malnutrition, malignant processes and cachexia are 
listed in table 2. Those with edema showed a pronounced deficit of 
serum protein except case 7, in which the edema was due to the pressure 
of tumor tissue on the iliac vessels. 

Inadequate Assimilation of Protein or Decreased Formation of 
Protein.—Since the site of the formation of the plasma proteins is not 
known except in the case of fibrinogen, which Foster and Whipple * 
showed definitely to be formed by the liver, one can only speculate 
as to the possibility of deficits of serum protein being at times due to 
inadequate formation. Likewise, inadequate assimilation of protein 
owing to some gastro-intestinal defect can be no more than suspected. 

However, it is interesting to note the sudden drop in serum proteins 
and more especially in the albumin in cases of severe damage to the 
liver, such as acute yellow atrophy. This is well illustrated in case 
19, table 3, in which the patient had ingested from 4 to 6 ounces (125 
to 185 cc.) of chloroform. A day or two after the development of 
intense jaundice the serum proteins totaled 5.66 Gm. per hundred 
cubic centimeters, of which 4.56 Gm. was albumin. Two days later 
the proteins had dropped to 4.31 Gm., of which 2.82 Gm. was albumin. 
In case 13, table 3, in which the patient died of acute yellow atrophy 
caused by cinchophen, the serum proteins dropped to 5.15 Gm., of 
which 2.94 Gm. was albumin. In these cases it seems possible that the 
toxic agent depressed the source of the formation of serum proteins, 


40. Bruckman, F. S., and Peters, J. P.: The Plasma Proteins in Relation t 
Blood Hydration: V. Serum Proteins and Malnutritional or Cachectic Edema, 
J. Clin. Investigation 8:591, 1930. 
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especially that of albumin; or possibly severe metabolic wastage 
accounted for the sudden drop in the serum proteins. The absence of 
marked loss of protein from the body and the rapid onset of a deficit 
of serum protein suggest that the liver may have much-to do with 
the production of serum protein other than fibrinogen. Kumpf * also 
recorded a case of acute yellow atrophy in which the serum proteins 
were very low, especially the albumin, causing a reversal of the albumin- 
globulin ratio. Moschcowitz ** mentioned a patient who had Gaucher’s 
disease and nodular cirrhosis with hypoproteinemia and edema. Peters, 
Bruckman, Eisenman, Hald and Wakeman *? mentioned a patient with 
cirrhosis of the liver who had generalized subcutaneous edema, in whose 


TABLE 3.—Group 3. Disease of the Liver 


Total 


Case Diagnosis and Progress 

13 Acute yellow atrophy due to cinchophen 
14 Syphilitie cirrhosis ; 

15 Portal cirrhosis 


Edema 
+1 


0 
0 


Serum 
Protein, 
Gm. 
5.15 


8.59 


Albu 


min, 
Gm. 
2.94 
5.07 
3.71 


3.65 


Glob- 
ulin, 


Gm. 
2.21 

3.52 
4.57 
4.25 


Albumin 
Globulin 
Ratio 
1:1.3 
71.4 
70.81 
20.85 


16 Carcinoma of the head of the pancreas with 
ENO DUINEIOD 6050s cededcspevsions: 9.22 5.26 3 3 
Three months later: marked cachexia, mal- 
nutrition and edema +2 37 2.68 6 21.5 
Syphilitie cirrhosis of the liver, with ascites.. 5 
Acute hepatitis, with marked jaundice........ 
Jaundice decreased, ascites present 
Ascites present, moderate edema of ankles 
After increasing protein in the diet........ 
Subacute yellow atrophy of the liver due to 
ingestion of chloroform with fatal out- 
come 
Acidosis, carbon dioxide-combining power, 
15 per cent by volume F 


serum the total proteins varied between 5.9 and 7.23 Gm. per hundred 
cubic centimeters while the albumin was very low, from 1.52 to 1.95 
Gm., with the globulin making up the greater part of the proteins. 
Case 18 is interesting, the patient having been admitted to the hospital 
with acute hepatitis and marked jaundice, later developing into cirrhosis 
with ascites. During this time the serum proteins fell from 8.28 to 
4.84 Gm. per hundred cubic centimeters, and the albumin from 4.06 
to 2.52 Gm., with the development of edema. The edema was probably 
not due entirely to the pressure of the ascitic fluid on the abdominal 
veins, since it was not present before the serum proteins became so 
low and did not improve appreciably when the ascitic fluid was removed 
by paracentesis. It is doubtful that the liver had any direct relation to 
the deficit of serum protein, since the patient was on a diet high in car- 
bohydrate and low in protein and fat in an effort to combat the ascites. 


The Blood Proteins with Special Reference to the Changes 


42. Kumpf, A. E.: 
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The idea that the deficit of serum protein was probably caused 
by a decrease in protein intake and perhaps by metabolic wastage is 
further strengthened by the marked improvement in the edema and 
the rise in the serum proteins when the protein in the diet was 
increased. Atchley, Loeb, Benedict and Palmer ** noted a reduction 
of serum proteins in 3 cases of cirrhosis of the liver with ascites 
Wiener and Wiener ** found the albumin somewhat decreased and 


TABLE 4.—Group 4. Cardiac and Pericardiac Disease 


Total 
Serum  Albu- Glob- Albumin 
Protein, min, ulin, Globulin 
Case Diagnosis and Progress Edema Gm. Gm. Gm. Ratio 
21 Tuberculous pericarditis, with effusive and 
syphilitic cirrhosis 8 65 6.18 1:0.75 
Tuberculous adhesive pericarditis and syph- 
ilitie cirrhosis, with generalized edemaf +3 8. 5.48 3.35 1:1.6 
and ascites tl +3 96 3. 4.05 1:0.96 
Adhesive mediastinopericarditis, enlarged liver 
and spleen, edema of the face and lower 
extremities 
Constructive pericarditis, with calcified peri- 
cardium and edema of the scrotum and 
lower extremities and ascites............. 
After cardiolysis and increased intake of 
protein 
Oardiac decompensation, palpable liver 
Arteriosclerotic cardiac disease, with decom- 
pensation and general anasarca 
Myocardial degeneration, inoperable carci 
noma of the stomach, diabetes mellitus 
After exploratory laparotomy 
Arteriosclerotic cardiac disease, with decom- 
pensation and general anasarca 
Cardiac decompensation 
Arteriosclerotie cardiac disease... 
Arteriosclerotie cardiac disease 
Syphilitic aortitis 
Hypertension, myocardial degeneration.... 


the globulin increased in 12 cases of hepatic cirrhosis. However, there 
was no consistent marked deficit of serum protein. In cases of jaundice 
without an elevation of temperature they found the serum proteins 
normal in amount or increased, the albumin within nermal limits 
and the globulin increased. It is apparent from the cases reported by 
various authors and from those which I have examined and listed in 
table 3 that the serum protein level in disease of the liver is quite 
variable. Except in cases of acute hepatic insufficiency, such as acute 
or subacute atrophy of the liver in which the serum protein levels 
drop rapidly, there is no consistent deficit of serum protein in disease 
of the liver. When there is an appreciable deficit of protein in chronic 
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disease of the liver, it can usually be explained by accompanying mal- 
nutrition or by inadequacy of protein intake, since a diet low in protein 
is often employed as a therapeutic measure in these cases. 

Edema is frequently seen in cases of pernicious anemia. It is also 
seen at times in cases of idiopathic hypochromic anemia. In case 33, 
table 5, the patient had idiopathic hypochromic anemia with edema and 
serum proteins totaling 4.84 Gm. per hundred cubic centimeters, of 
which 3.75 Gm. was albumin and 1.3 Gm. globulin. Peters, Eisenman 
and Bulger *° found low plasma protein values 4 times in 7 observations 
on patients with profound anemia. They found no relation between 
the reduction of the proteins and the presence, severity or type of the 


TABLE 5.—Group 5. Miscellaneous Involvements 


Total 
Serum Albu- Glob Albumin 
Protein, min, ulin, Globulin 
Diagnosis and Progress Edema Gm. Gm. Gm. Ratio 
Idiopathic hypochromic anemia + & 3.71 x 1:2.8 
Ulcerative colitis, after iliostomy and admin- 
istration of considerable salt solution.... +2 2.24 21.0: 
Ulcerative colitis, following iliostomy +! 3.38 3.02 S31 
Chronic ulcerative colitis ws 8.5 5.02 21.4 
Chronic pemphigus SidasweaiKe : 3.00 
Tuberculous peritonitis, plastic............. ; 3.91 
Diabetes mellitus 
Plastic peritonitis (tuberculous ?)....... 
Lobar pneumonia 
Acromegaly 
Celiac disease, with a diet high in protein.... 
Celiac disease, with a diet high in protein.. 
Celiac disease, with exacerbation of symp- 
toms, diarrhea, anorexia, loss of weight 
Tertiary syphilis, colonic stasis 
Diabetes mellitus 
Diabetes mellitus, fibroma of the uterus..... 
Pernicious anemia; red blood cells, 3,000,000. . 


> 


, 


anemia. Meulengracht and his associates *® found a low serum protein 
level in nearly all of 12 patients with pernicious anemia, and edema in 
11. However, he found no constant relationship between the degree of 
anemia and that of edema. Moschcowitz,** after reviewing the work of 
several investigators, stated that the edema in pernicious anemia is suffi- 
ciently accounted for by a hypoproteinemia which is rather consistently 
present in this disease whether the malady is accompanied by edema or 
not. The cause of the hypoproteinemia is not known. It may be due to 
deficient formation, increased destruction or lack of adequate absorption 


45. Peters, J. P.; Eisenman, A. J., and Bulger, H. A.: The Plasma Proteins 
in Relation to Blood Hydration: I. In Normal Individuals and in Miscellaneous 
Conditions, J. Clin. Investigation 1:435, 1925. 

46. Meulengracht, E.; Iversen, P., and Nakazawa, F.: Pernicious Anemia. 
Edema and Reduction in Excretion of Water, Arch. Int. Med. 42:425 (Sept.) 
1928. 
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or assimilation of protein from the gastro-intestinal tract. Castle 
believed that in some cases of pernicious anemia and sprue there is, 
in addition to a lack of the intrinsic factor from the stomach or the 
extrinsic factor (dietary deficiency) or both, an improper intestinal 
absorption, and that in such cases recovery occurs only when liver 
extract is used parenterally. It is conceivable that improper intestinal 
absorption of protein might be an important factor in the production of 
the hypoproteinemia that so often accompanies pernicious anemia. Like- 
wise, Strauss and Castle ** believed that idiopathic hypochromic anemia 
may be due to direct dietary deficiency, or to indirect dietary deficiency 
conditioned by gastric anacidity and hypo-acidity, or to a factor associ- 
ated with these defects. This might also explain the hypoproteinemia 
occasionally seen with hypochromic anemia. Marriott ** believed that 
the edema frequently present in celiac disease is dependent on a low 
concentration of serum protein. This may be another example of hypo- 
proteinemia and edema caused by inadequate absorption of protein from 
the gastro-intestinal tract. In case 43, table 5, in which the patient had 
celiac disease, there was no deficit of serum protein while the patient 
was under careful management, with a diet high in protein. However, 
later there was an exacerbation of symptoms, with diarrhea, anorexia 
and loss of weight, and at that time a deficit of serum protein and 
edema developed. 
THE RATIO OF ALBUMIN TO GLOBULIN 

In experiments with plasmapheresis in dogs, Darrow, Hooper and 
Cary ® found the albumin and the globulin reduced in approximately 
the same proportions ; but after the bleeding was stopped, the restoration 
of the globulin was more rapid than that of the albumin. Lepore *’ 
found the same thing in slow plasmapheresis in dogs, but with 
moderately rapid plasmapheresis he found that the albumin was restored 
more quickly than the globulin during the first day or two, while later 
the globulin was restored more rapidly than the albumin. He suggested 
that the early emergency restoration is from the lymph. It has been 
shown by practically all those working on hypoproteinemia, both that 
due to the nephrotic syndrome and that due to malnutrition, that the 
deficit is in the albumin, and that the edema is more closely related 
to this deficit than to the level of the total proteins. The globulin is 
usually not decreased and is frequently slightly increased. This increase 


47. Strauss, M. B., and Castle, W. B.: Studies of Anemia in Pregnancy: III. 
The Etiologic Relationship of Gastric Secretory Defects and Dietary Deficiency 
to the Hypochromic and Macrocytic (Pernicious) Anemias of Pregnancy and the 
Treatment of These Conditions, Am. J. M. Sc. 185:539, 1933. 

48. Marriott, W. M.: Infant Nutrition, St. Louis, C. V. Mosby & Company, 
1930. 
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in the globulin is too frequent in hypoproteinemia to be regarded as 
always due to coincidental infection. It is probably in the nature of a 
compensatory response which, however, usually fails to prevent the 
occurrence of edema. Since the oncotic pressure of the albumifi is about 
+ times that of the globulin, one expects the tendency to edema to 
follow more closely the level of the albumin than that of the globulin 
or of the total proteins, but it is conceivable that a sufficient increase in 
the globulin might prevent the formation of edema in the face of a 
considerable deficit in the albumin. Salvesen*® reported a case of 
nephrosis with syphilis which is often quoted to illustrate this point: 
The serum albumin level was only from 1.69 to 2.56 Gm. per hundred 
cubic centimeters, but this was balanced by a globulin level of from 
7.10 to 8.08 Gm., which kept the oncotic pressure up, and edema did 


s 


not develop. As shown by Bruckman, D’Esopo and Peters,** in cases 
in which a marked increase in globulin is found, this is usually associated 
with infection. For that reason they found normal levels of the total 
proteins in certain patients with infectious diseases and malnutrition 
in spite of the presence of a definite deficiency in the serum albumin. 
As they suggested, it seems doubtful that the ratio of albumin to 
globulin is in itself of any great value. If the levels of albumin and 
globulin are influenced by different factors it would seem that the levels 
of the individual components and not their relative levels are important. 
Hence it is evident that a low albumin-globulin quotient due to an 
excess of globulin has an entirely different significance from one that 


is due to a deficiency of albumin. 


OTHER FACTORS IN THE PRODUCTION OF NONCARDIAC EDEMA 
The preponderance of evidence indicates that the principal and 
constant factor in producing a tendency toward noncardiac edema, either 
nephritic or nutritional, is a deficit of serum protein. However, there 
is another important factor, namely, the consumption of sodium chloride. 
In order to form edema fluid the organism must be supplied with the 
materials which make up this fluid, namely, salt and water. The organism 
is not inclined to retain water unless there is sufficient salt available to 
form an isotonic solution. This is evidenced by the fact that a large 
amount of water without salt may be drunk by an edematous nephrotic 
person without increase in the edema unless there has been a previous 
excess of salt in the diet. In fact, water given without salt not only 
may be excreted normally, but may sweep out of the body salt previously 
retained and with it extra water, causing a profuse diuresis.*°°** This 
same thing was found by Schittenhelm and Schlecht*® in cases of 


49. Salvesen, H. A.: Hyperproteinemia in a Case of Nephrosis, Acta med. 
Scandinay. 65:152, 1926. 
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famine edema. They also found that salt without water was well 
excreted, withdrawing water from the body, but that salt and water 
given together exaggerated the edema. It used to be thought that in 
nephritis the kidneys were unable to excrete chlorides and that as a 
result water was retained only after the retention of chlorides. ‘This 
theory was also favored because of the diuresis which developed witl 
restriction of salt and the normal excretion or even diuresis that occurred 
when water was given without salt. This only proves, according to 
Peters,*** that water is not retained without an equivalent amount oi 
salt. Furthermore, there is no direct evidence to indicate that the kidney 
is unable to excrete chlorides in nephritis ; in fact, potassium chloride is 
well excreted. It has been shown in war edema and in famine edema 
and in edema caused by plasmapheresis in dogs, in none of which there 
is any real lesion of the kidney, that all the abnormal responses to 
salt, water and alkali may be produced which are found in nephrotic 
edema.*’* In other words, given a patient with a tendency to edema, 
that is, with serum proteins at or near the critical level, the amount of 
edema may be increased or decreased by varying the amount of salt 
ingested. This has been shown repeatedly.*” In cases of hypoproteinemia 
with edema restriction of salt intake usually causes diuresis, and the 
edema may partially or completely disappear, depending to some extent 
on the level of the serum proteins. If the proteins are well below the 
critical level the edema will usually not disappear completely. If the 
proteins are at or above the critical level the edema may disappear 
completely. Likewise, so long as the serum proteins are at or near the 
critical level, relaxation of the restriction of salt intake will be followed 
by occurrence or increase of edema. 

Whether the sodium or the chloride ion is more responsible for the 
production of the edema is a controversial point which will not be gone 
into in this paper. Peters ** believed that the edema is not caused 
by the sodium or chloride per se, but by the provision of materials in 
the proportions in which they appear in interstitial fluids. The diuresis 
following production of hyperchloremia by acidifying diuretics such as 
ammonium chloride is due to a disturbance of the electrolytic pattern, 
which the organism will not tolerate and hence diuresis is induced. 
Within certain limits the electrolytic pattern may be upset without causing 
diuresis; on the other hand, when the serum protein level is unusually 


50. Albright, F., and Bauer, W.: The Action of Sodium Chloride, Ammonium 
Chloride and Sodium Bicarbonate on the Total Acid Base Balance of a Case of 
Chronic Nephritis with Edema, J. Clin. Investigation 7:465, 1929. Liu, S. H.; 
Chu, H. I.; Li, R. C., and Fan, C.: Nutritional Edema: II. Effect of Alkali 
and Acids on Nitrogen Balance, Plasma Proteins and Edema, Proc. Soc. Exper 
Biol. & Med. 29:252, 1931. Moore and Van Slyke.1* Weech and Ling.'® 
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low and hence the force that withdraws fluid from the interstitial spaces 


is weakened, an unusually great disturbance of electrolytes appears to be 
necessary to induce diuresis. In some of Peters’ ** cases, when the 
serum protein level was below + Gm. per hundred cubic centimeters 
diuresis could not be induced by ammonium chloride, but after the 
protein level had risen above + Gm. the chloride caused profuse diuresis. 


TREATMENT OF HYPOPROTEINEMIA 

It is apparent from the foregoing discussion that the most effective 
ineasure in treating edema associated with hypoproteinemia is a restric- 
tion of the intake of sodium chloride. If the serum proteins have fallen 
to what is commonly considered a critical level, that is, according to 
Moore and Van Slyke,’* the albumin to 2.5 Gm. or below, or the tetal 
protein to 5.5 Gm. or below, a potential hydropigenous state exists. 
Edema, if present, may often be eliminated without employing any 
procedure other than a limitation of the intake of sodium chloride. 
Likewise, relaxation of the restriction of salt will be followed by a 
prompt appearance or recurrence of the edema. This is especially 
important in some postoperative cases, especially those in which it has 
heen necessary to operate in spite of a considerable degree of mal- 
nutrition. The patients with serum proteins at or near the critical level 
may be made quite edematous by a too zealous administration of 
physiologic solution of sodium chloride. In these cases, if edema is to 
be prevented, the salt should be restricted and the water balance main- 
tained, principally by giving dextrose in 5 to 10 per cent solution intra- 
venously or fluids by mouth or rectum, with little or no salt. This 
restriction of sodium chloride cannot be followed if contraindicated 
by oliguria or low plasma chloride. This type of postoperative edema 
is well illustrated in case 34, table 5, in which the patient had severe 
ulcerative colitis and repeated hemorrhages which made an iliostomy 
imperative. Postoperatively the serum proteins totaled 5.4 Gm. and 
the serum albumin 2.24 Gm. per hundred cubic centimeters. After 
receiving from 3,000 to 4,000 cc. of physiologic solution of sodium 
chloride per day for two or three days the patient presented generalized 
subcutaneous edema, marked pulmonary edema and hydrothorax, which 
probably were factors in causing his death. 

Acidifying diuretics such as ammonium chloride are also used in 
cases of hypoproteinemia with edema to promote diuresis. If, however, 
the total serum protein is below + Gm. per hundred cubic centimeters 
neither the restriction of salt nor acidifying diuretics have much effect 
on the edema, and other measures such as transfusions or intravenous 
injections of acacia solutions must be resorted to in an attempt to raise 


the colloid osmotic pressure. In some cases of nephrosis in which the 
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serum proteins are not too greatly reduced feeding of a diet high in 
protein along with restriction of the salt intake may keep the patient 
free from edema. Although one can rarely bring low levels of total 
protein and albumin up to normal by a diet high in protein 1f there is 
not a spontaneous remission in the disease with a decrease in proteinuria, 
the total protein can usually be increased above the critical level, with 
a resulting disappearance of the edema, which is the most incapaci 
tating feature of the disease. In the very severe cases of nephrosis, 
however, the loss of protein through the kidneys may equal or exceed 
the maximum rate of production of serum protein, so that no improve- 
ment can be obtained by a diet high in protein. As mentioned before, 
restriction of salt and acidifying diuretics have little or no effect in 
these cases in which the serum protein levels are very low. Transfusion 
may be used, and helps in some cases, but the transfused plasma albumin 
may be excreted in the urine almost quantitatively ina day or two. Hart- 
mann ** advised use of acacia in a sufficient quantity to bring the colloid 
osmotic pressure up to or above the critical level in order to secure 
diuresis. This method is, no doubt, worthy of trial in severe cases, and 
is at times successful in bringing about a rise in the colloid osmotic 
pressure with resulting diuresis, thus ridding the patient of the edema, 
and at the same time allowing the serum proteins to be increased by 
a diet high in protein. However, one must be cautious with this method, 
as Austin and McGuinness ** recently pointed out. The amount of 
acacia which must be given to bring the colloid osmotic pressure to a 
critical level when the serum proteins are very low is at times dangerous. 
Still more important perhaps, as Keith ** pointed out, is that it should 
not be given in hypertonic but in physiologic solution of sodium chloride 
or in distilled water, since the hypertonic solution causes a dangerous 
increase in the volume of the plasma. In Austin’s case of nephrosis with 
very low serum proteins the acacia produced diuresis and recovery 
from the edema, followed by a rise in the serum protein, but this 
occurred only after an initial period of alarming symptoms and a nearly 
fatal outcome. These symptoms were thought to be due to a marked 
increase in the volume of the plasma, and probably would not have 
occurred if the acacia had been given in physiologic instead of hypertonic 
solution (about 2 per cent) of sodium chloride. 

It is well known that the serum protein level can be raised in most 
cases of nephrosis and the nephrotic type of glomerular nephritis by a 


51. Hartmann, A. F.; Senn, M. J.; Nelson, M. V., and Perley, A. M.: The 
Use of Acacia in the Treatment of Edema, J. A. M. A. 100:251 (Jan. 28) 1933. 
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Treatment of Edema by Intravenous Administration of Acacia, Tr. A. Am. Physi- 
cians 48:276, 1933. 
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diet high in protein. Various studies have shown that this same object 
can be accomplished in malnutritional and famine edema.®** However, 
the deficit in serum albumin disappears slowly with a diet high in pro- 
tein, even though there is a positive nitrogen balance. This is no doubt 
due to the necessity of replenishing the wasted tissues before the blood 
proteins rise appreciably. In general, patients with hypoproteinemia of 
whatever cause should have at least 1 Gm. of protein per kilogram 
of body weight, plus enough additional protein to counteract that lost 
by proteinuria in cases of nephrosis or by excessive metabolic destruction 
in cases of cachexia or malnutrition. In addition to this, there should 
be added from 5 to 20 Gm. of protein to replenish the wasted tissues 
almost uniformly present.'? The feeding of adequate protein to replenish 
the wasted tissues and to raise the serum protein level is not always 
easy, especially in cases of cachexia, because the frequently accompany- 
ing anorexia prevents an adequate intake. The carbohydrate intake 
should also be high in order that the proteins may be used as economically 
as possible. This is probably especially important in those cases of 
disease of the liver in which are also shown low levels of serum proteins. 
Although the usual cardiac edema is not due to decrease in serum pro- 
teins there are occasional cases of cardiac disease with very stubborn 
edema in which hypoproteinemia is also present and is probably a big 
factor in the edema. Chronic heart disease is a condition in which mal- 
nutrition may easily occur, and this should be guarded against by an 
adequate intake of protein. 
SUM MARY 

The occurrence of edema when serum protein levels are low is best 
explained on the theory of Starling, further elaborated by Govaerts 
and Shade and Clausen, that the colloid osmotic pressure, when lowered 
owing to a deficit in the serum protein, is unable to counterbalance the 
normal hydrostatic pressure and hence is unable to return sufficient fluid 
to the capillary bed, and edema results. Approximately 4 times as much 
colloid osmotic pressure is exerted by 1 Gm. of albumin as by 1 Gm. 
of globulin. For this reason the tendency to edema follows the level 
of the albumin more closely than that of the globulin or that of the 
total protein. 

Epstein was the first to use this theory clinically in explanation of 
the edema in nephrosis. [Edema associated with low serum proteins has 
been produced by feeding rats a diet deficient in protein. Low levels of 
serum proteins and edema have often been produced by plasmapheresis 
in dogs, that is, by bleeding, removal of the plasma and reinjection of 
the cells in saline or Locke’s solution. 
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War and famine edemas have been shown by several observers t 
be associated with an inadequate intake of protein and low levels of 


serum proteins. 
As to the site of the formation of plasma proteins, no evidence 


appears to be available except in the case of fibrinogen, which has been 
shown to be formed in the liver. 

Normally plasma contains from 6.2 to 8 Gm. of protein per hundred 
cubic centimeters, of which from 3.6 to 5 Gm. is albumin and from 2 
to 3.5 Gm. is globulin. The albumin-globulin quotient is from 1.2 to 2.2 

Low levels of serum proteins and resulting edema may be found in 
a variety of clinical conditions and may be due to a number of causes 
such as: (1) insufficient intake of protein due to an inadequate diet; 
(2) excessive loss of protein due to proteinuria, diarrhea or hemorrhage ; 
(3) excessive metabolic wastage or destruction of protein due to chronic 
infections or cachectic states; (4) inadequate formation of proteins or 
decreased assimilation. The various clinical conditions in which low 
serum protein levels and edema appear owing to one of the aforemen- 
tioned causes are discussed. 

As the serum protein levels fall, edema usually appears when the 
protein total reaches 5.5 + 0.3 Gm. per hundred cubic centimeters or 
when the albumin reaches 2.5 + 0.2 Gm.** These are frequently called 
the critical levels since they are the levels at which edema usually appears 
and at which the hydropigenous tendency is most easily affected by other 
factors such as the intake of sodium chloride. 

Deficits of serum protein fall principally on the albumin fraction. 
The globulin fraction may be normal, decreased, increased slightly as a 
compensatory effort or increased markedly, especially when infection is 
present. 

The ratio of albumin to globulin is, in itself, probably of little or no 
importance, since an inversion of the ratio due to an increase in the 
serum globulin has a significance entirely different from that of an 
inversion due to a decrease in the serum albumin. 

The intake of sodium chloride and the electrolytic pattern have an 
important influence in modifying the edema associated with low levels 
of the serum proteins. 

Low levels of serum proteins, with resulting edema, are best pre- 
vented by adequate ingestion of protein. The best treatment is by a 
diet high in protein, restriction of sodium chloride intake and at times 
use of acidifying diuretics, transfusions of blood or plasma and intra- 
venous administration of acacia. 

The cases cited in this paper were selected from the services of Dr. G. M. 
Piersol and Dr. H. L. Bockus. 
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A study of the cardiac output may be expected to throw light on 
the mechanism of the production of the clinical syndrome known as 
congestive heart failure. A number of such investigations have been 
made. Some authors! have reported a decrease in the cardiac output 
in patients with congestive heart failure. Others * have found the oppo- 
site, while still others have failed to observe any consistent change in 
this function.* The validity of these data is obviously dependent on 


the accuracy of the methods employed. Grollman * pointed out that the 


methods used have been of doubtful reliability in patients with heart 
failure, and that the conclusions which have been arrived at by these 
procedures are therefore of questionable accuracy. Recently Grollman 
and his co-workers ° have defined criteria for deterrnining the applica 
From the Department of Medicine, Vanderbilt University 
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bility of methods for determining cardiac output to patients with cardia 
disease, and a technic which appears to yield reliable results has bee: 
described. In our paper are presented data obtained by this method. 


PROCEDURE 


The subjects studied were hospital patients. They were trained to perform 
the rebreathing on one or more occasions prior to the beginning of the observations 
Some patients experienced difficulty in breathing correctly and had to practic: 
many times. Before and after the rebreathing procedures the basal oxygen con 
sumption was measured by analysis of the expired air which was collected in a 
Tissot spirometer. The arteriovenous oxygen difference was determined by the 
acetylene method, the technic used being that described by Grollman and his 
associates.> In this regard several points are worthy of emphasis. 

If accurate results are to be obtained it is necessary that the rebreatl 
ing bag be emptied completely at each inspiration and that the expirations b 
maximal. The breaths not only should be of the greatest possible depth but 
should be rapid, each complete cycle lasting not more than two seconds. 

The most satisfactory results are obtained when the gas mixture at the end of 
thirty seconds of breathing contains from 13 to 16 per cent oxygen and from 
10 to 15 per cent acetylene. Such final concentrations can be approached in 
patients with cardiac disease if the original mixture contains from 2.4 to 2.8 
liters of acetylene, from 0.7 to 1 liter of oxygen and sufficient air to make a total 
volume of 5 liters. These concentrations of oxygen and acetylene are greater 
than those recommended by Grollman for normal subjects. If the usual mixture 
is employed in patients with cardiac disease, the relative increase in the residual 
air, the smaller volume of gas in the bag and the prolongation of the rebreathing 
tend to produce final concentrations of both oxygen and acetylene which are too 
low for satisfactory results. It is best to determine the optimal gas mixture for 
each subject in preliminary tests, since different patients show considerable 
variations. 

If accurate results are to be obtained it is necessary that at least three samples 
be taken, and that the arteriovenous difference as determined from the first and 
second samples be within 10 per cent of that calculated from the second and third. 
The first sample should be taken at from twenty to twenty-three seconds and th« 
second and third at about four second intervals thereafter. Ordinarily in patients 
with congestive heart failure a complete mixture in the lung-bag system is not 
obtained in less than twenty-one seconds, and recirculation occurs at thirty seconds 
or very shortly thereafter. One therefore has only a narrow margin, and in many 
instances in which the breathing appears to be entirely satisfactory the criteria are 
not fulfilled and the results have to be discarded. At the first observation on a 
given subject it is helpful to take four samples, at twenty, twenty-four, twenty- 
eight and thirty-two seconds. From the arteriovenous oxygen differences cal- 
culated from each adjacent pair one can usually determine the approximate times 
at which mixing and recirculation occur and take the samples at subsequent obser- 
vations accordingly. As patients recover from congestive heart failure it is usually 
preferable to take the samples a few seconds earlier. 

In addition to measuring the cardiac output by the acetylene technic, we hav 
determined this function in certain patients by the venous plateau procedure,® which 
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s a modification of the method described by Burwell and Robinson? for obtaining 
“mixed venous blood.” In a previous communicatioh® it was shown that the 
venous plateau and the acetylene methods yield similar results when they are 
properly applied. The fact that our findings have been checked by two methods 
which are based on different principles, each of which has been critically tested 
against various sources of error, appears to offer convincing evidence of their 
validity. 

Following the rebreathing procedure and the second determination of the oxygen 
consumption, the vital capacity was measured. 

The patients studied had various types of cardiac disease. Congestive failure § 
was present in some and absent in others, and a number were studied both when 
suffering from and when free from failure with congestion. The subject received 
the usual treatment, and the effect of the various therapeutic measures was inves- 
tigated. These studies will be reported later. In the present report our interest 
has been centered on an analysis of the relation of the clinical state of the patient 
to the cardiac output and its related functions. 

Control studies have been made on a series of patients without cardiac disease. 
In these cases the technic employed was similar to that which has been described, 
except that the gas samples, when the acetylene method was used, and the blood 
samples, when the venous plateau procedure was employed, were drawn a few 
seconds earlier, for in such cases mixing and recirculation occur sooner than in 
patients with cardiac disease. 

RESULTS 

The findings in the patients without cardiac disease are shown in 
table 1. The data are arranged in order from the highest to the lowest 
cardiac output per minute per square meter. ‘The first three patients, 
who had overactive hearts associated with secondary anemia, and the 


last subject, who had partial venous obstruction due to a mediastinal 


tumor, had circulatory disturbances but had no cardiac disease. The 
different patients showed rather wide variations in all the functions 
studied. The cardiac output per minute ranged between 5.4 and 2.6 
liters. Per square meter of body surface the cardiac output per minute 
was within Grollman’s normal range (2.2 + 0.3 liters) in nine instances, 
above it in four and below it in five. The arteriovenous oxygen differ- 
ence, which is an inverse measure of the cardiac output in proportion 
to the metabolic needs of the body, was on the average somewhat greater 
than in Grollman’s normal subjects, being 70 cc. or more per liter in 
four of the eighteen cases. This group of miscellaneous patients showed 
rather wide fluctuations in the various circulatory functions, but in 


7. Burwell, C. S., and Robinson, G. C.: A Method for the Determination of 
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8. This term as employed in our paper indicates the presence of dyspnea, edema, 
venous distention or hepatic engorgement in subjects at rest. In the strict 
pathologic implication the phrase means congestion, either systemic or pulmonary, 
dependent on cardiac disease. Restriction of the term to persons having systemic, 
as distinguished from pulmonary, engorgement seems to us unjustifiable. 
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eeneral the values were of the same general order as those found in 
normal persons. 

The data on patients with cardiac disease are shown in table 2. 
Observations were made on twenty-seven patients who were free from 
symptoms at rest and on nineteen patients with congestive failure. Fif- 
teen subjects were studied in both conditions. The findings on patients 
with congestive failure are presented last in the table; those on the 


vatients who were studied only when free from congestive failure are 
| i 


shown first. 

Of the patients without congestive failure nine had rheumatic heart 
disease, five had syphilis with aortic insufficiency, one apparently had 
syphilitic myocarditis and the remaining twelve had cardiac failure 
dependent on hypertension and/or arteriosclerosis. Within each etio- 
logic group wide fluctuations were found in the values for cardiac output, 
and so far as can be judged from such a small series there appeared to 
be no correlation between this function and the underlying disease proc- 
ess. The eight patients with auricular fibrillation had cardiac outputs 
which were, on the average, somewhat less than those of the other 
patients without congestive failure, but the difference was not striking. 

Of the patients with congestive failure five had rheumatic, four 
syphilitic and ten vascular cardiac disease. Again the values for the 
cardiac output appeared to bear little or no relation to the etiologic 
process. The five patients with auricular fibrillation had about the same 
cardiac output per square meter as the other subjects in the group. 

Comparison of the data in table 1 with those in table 2 shows that 
the cardiac output per square meter of the patients with cardiac disease 
was as a rule less than that of the control subjects. There was con- 
siderable overlapping, however, and four of the latter subjects had a 
lower cardiac output per square meter than the average value for the 
patients with congestive heart failure. Likewise, in seven of the twenty- 
seven patients with cardiac disease but without congestive failure, and 
in seven of the nineteen subjects with congestive failure, the cardiac 
output per square meter was above Grollman’s lower normal limit (1.9 
liters). The arteriovenous oxygen differences of the patients with 
cardiac disease were in general greater than in the control subjects. 
but here again considerable overlapping occurred. 

Of especial interest is a comparison between the persons with cardiac 
disease but with no symptoms at rest and the subjects with congestive 
failure. A summary of the results in these two groups, in our control 
subjects and in a series of healthy young adults studied by Grollman 
is shown in table 3. It can be seen that the range of the cardiac outputs 
and the average values for this function were similar in the “compen- 
sated” and “decompensated” patients. The arteriovenous oxygen differ- 
ence was, on the average, about 5 per cent higher in the latter subjects, 
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but this difference cannot be regarded as significant in view of the wick 
range of this function in both groups. On the other hand the basal 
metabolic rate, although exhibiting wide fluctuations within each group, 
was on the average about 15 per cent higher in the patients with con 
gestive failure than in the other subjects with cardiac disease, and th« 
average value for the vital capacity was 30 per cent higher in the latte: 
group. The average cardiac output per beat was about 10 per cent 
greater in the patients without than in those with congestive failure, 
TABLE 3.—Summary of the Values for the Cardiac Output and Related Functio) 


in Persons with and without Congestive Heart Failure 








Basal Cardiac Arteriovenous Cardiac Vital 
Metabolic Output Oxygen Output Capacity 
Rate, per Minute Difference per per 
per Cent per Sq. Meter, per Liter, 3eat, Sq. Meter, 
Normal Liters Ce. Ce. Liters 


} 
) 


A ~~ 2. 


Number of Subjects 
} 


Highest 
Lowest 
Lowest 
Highest 
Lowest 
Highest 
Lowest 
Highest 
Lowest 
! 





Mean 
Mean 
Mean 


Group 
Normal | 
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tive 

failure 
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=. | 
tive 
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' 
rn 
to 
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ot 
~ 
=I 


] 78 —9 108 51 


heart 
failure 


* The values for the normal subjects were taken from Grollman’s data.‘ 
+ The figures in parentheses denote the median values. 


the values in both groups being less than in the control subjects without 
cardiac disease. 

Fifteen patients were studied during congestive failure and, later, 
when free from symptoms at rest. As is shown in table 4, consistent 
alterations, i.e., changes of more than 10 per cent, were not noted in 
the cardiac output per minute or in the arteriovenous oxygen differenc« 
However, in more than one half of the cases clinical improvement was 
associated with an increase in the stroke volume and with a decrease 
in the metabolic rate. The most consistent change occurred in the vital 
capacity, which increased by more than 10 per cent in thirteen of the 
fifteen cases and showed a slighter increase in the other two. 
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Observations concerning the ability of the heart to increase its work 
were made in three patients. Attempts to determine the arteriovenous 
oxygen difference during exercise resulted in failure, because recircula- 
tion occurs before mixing takes place in the majority of patients with 
congestive failure. However, the question can be studied in another 
way. The greater oxygen absorption which occurs during muscular 
exercise can be brought about by an increase either in the cardiac output 
or in the arteriovenous oxygen difference. However, the blood which 


TABLE 4.—Changes in the Cardiac Output and Related Functions Following 
Clinical Improvement 


Increase Decrease No Change 
Basal metabolic rate............ ene aEhen anes - l 8 6 
Cardiac output per minute...... ee ; 3 7 } 
{rteriovenous oxygen difference. Pe ey Tere 4 6 5 
Cardiae output per deat... ...cccssccccees wears. 9 3 q 
VIS MIE Shain das. ecnhevecc vie cnierenceenuneee chveaes 13 0 


No change means a change of 10 per cent or less. 


TABLE 5.—The Oxygen Consumption and Cardiac Output of Patients with 
Congestive Fatlure During the First Few Seconds of Exercise 


During the First Few 


Resting Values Seconds of Exercise 
— A — = cnenenenanmeneinmiiny 
Arterio- Oxygen Time of Oxygen 


venous Con- Cardiae Collee- Con- Cardiac 
Oxygen sump- Output tionof sump- Output 
Differ- tion per per Expired tion per per 

ence per Minute, Minute, Air, Minute, Minute, 


Subject Diagnosis Liter, Ce. Ce. Liters Seconds Ce, Liters Type of Exercise 
L. W. Mitral stenosis; 80 212 2.6 3-10 249 3.1 Overventilation 
auricular only 
fibrillation 
G. M. Syphilitie myo- 78 251 3.2 5-15 500 6.4 Overventilation 
carditis and rapid move 


ment of arms 
and legs 
F. B. Syphilitie aortie 109 265 2.4 2-10 643 5.9 
insufficiency Overventilation 
115 279 2.6 5-10 631 5.6 and movement 
of arms and legs 


is in the veins and in the venous end of the capillaries at the beginning 
of exercise has already lost its quota of oxygen, and consequently the 
oxygen content of the mixed venous blood remains constant during 
the first few seconds of exercise. Since there is ordinarily no significant 
change in the oxygen content of the arterial blood, the arteriovenous 
difference in the lungs is the same as that in the previous resting state 
until the blood which was entering the capillaries at the start of the 
exercise reaches the lungs. Prior to this time the cardiac output changes 
directly as the oxygen absorption and may be calculated from measure- 
ments of the latter function at the onset of exercise and of the arterio- 
venous oxygen difference during the previous state of rest. Such 
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calculations are open to error because of the short period during which 
the oxygen absorption is determined, but they may be expected to reveal 
directional changes in the cardiac output. 

Observations made by this method are shown in table 5. Even if a 
relatively large error in the measurement of the oxygen consumption 
is assumed and even if some recirculation of blood occurred, the increase 
in oxygen absorption was of such large magnitude in two of the three 
patients that it can be ascribed only to a marked increase in the cardiac 
output. It is evident that even in the presence of congestive heart 
failure the myocardial reserve is not exhausted, although it is probably 
much diminished. 

These data may be summarized as follows: 

1. The cardiac output per minute per square meter of patients with 
congestive failure is usually lower than that of persons without cardiac 
disease, but may be within the normal range. 

2. A similar diminution is found in persons with cardiac diseas¢ 
who are free from congestive phenomena. Whether groups are com- 
pared or the same person is studied before and after clinical improve- 
ment, constant changes in the cardiac output per minute are not found. 
The disappearance of congestive failure may be associated with an 
increase, a decrease or no change in this function. The arteriovenous 
oxygen difference, which is an inverse measure of the cardiac output 
in proportion to the metabolism, likewise exhibits no constant changes. 
The output of the heart per beat usually increases as clinical improve 
ment occurs. 

3. The oxygen absorption per minute is increased in certain patients 
with congestive failure and in such instances it usually decreases with 
improvement. 

COMMENT 


Two theories have been advanced concerning the mechanism whereby 
disorders of the heart produce the clinical manifestations of congestive 
failure. According to one hypothesis, which was clearly expressed a 
hundred years ago by James Hope,’ the phenomena are dependent on 
“back-pressure” from a dilated heart. This idea has been widel\ 
accepted by pathologists and is in general favor with European clinicians. 

In the English-speaking countries the “backward failure” concept 
has been replaced in large measure by the “forward failure” theory, 
which attributes dyspnea and the other clinical manifestations of con- 
gestive heart failure to an inadequate supply of blood to the tissues as 
a result of exhaustion of the myocardial reserve. 


9. Hope, James: A Treatise on Diseases of the Heart, American ed. 1, 
Philadelphia, Lea & Blanchard, 1842, p. 250. 
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) 


Sir James Mackenzie,'® who was one of the chief proponents of 


this theory, stated: 

The symptoms of heart failure from deficient output of blood might be found 
n almost any organ did we possess the means of observing them. It so happens 
that one system which suffers early from an impaired blood supply is one which 
readily gives rise to distress. This is the respiratory system and it is the distress 
in breathing on response to effort which is usually the earliest sign of heart failure. 
As the heart failure proceeds the distress in breathing becomes more easily pro- 
voked until a stage is reached when it is present even when the body is at rest. 

Sir Thomas Lewis '! stated: 

Breathlessness is to be ascribed to a deficiency in the flow of aerated blood to 
the head and neck; at first the deficiency is confined to those exercises in which 
normally the cardiac output is much above resting values; at last there is a defi- 
ciency in the physiological quantity of aerated blood expelled by the heart while 
the body is at rest. . . . It is when the output at rest declines that blood begins 
to collect on the venous side and the patient begins to manifest signs of congested 
veins and, associated with these, enlargement of the liver, cyanosis, a high-colored 
and scanty urine, ascites, dropsy of the lower members, and congestion and edema 
of the lungs. 

Meakins and Davies ** were of the same opinion: 

We are pursuing further work on this question, but we would suggest that 
cardiac failure of this character is due to an incomplete ventricular systole as a 
consequence of which the circulation rate is greatly and progressively diminished 
until the amount of circulating blood is grossly insufficient to carry on the functions 
of the heart, kidneys, nervous system and other important organs. 


Similarly, Meakins and Long '* said: 

Circulatory failure may be defined as a state in which the volume of blood 
circulated per unit of time is not adequate for the physical needs of the moment. 

The same point of view has been expressed by American clinicians. 
Means ** stated: 


The fundamental fault responsible for cardiac dyspnea is obviously to be found 
not in the nature of the blood but the rate at which it is pumped; in the heart 
itself. . . . The important point is that the heart either because of increased 
work, fatigue or degeneration is unable to maintain an adequate rate of blood flow. 


Stewart and Cohn ** said: 


The volume output of blood per minute from the heart which is in failure is 
diminished and its size larger than when it is in a state of compensation. 


10. Mackenzie, James: Diseases of the Heart, London, ed. 4, 1925, p. 33. 
11. Lewis, Thomas: Diseases of the Heart, New York, The Macmillan Com- 
pany, 1933, p. 2. 
12. Meakins and Davies,!» p. 319. 
13. Meakins, J., and Long, C. N. H.: Oxygen Consumption, Oxygen Debt and 
Lactic Acid in Circulatory Failure, J. Clin. Investigation 4:273, 1927. 
14. Means, J. H.: Dyspnea, Medicine 3:309, 1924. 








250 ARCHIVES OF INTERNAL MEDICINE 


In a recent publication Blumgart and his co-workers '* wrote : 
It became apparent that circulatory insufficiency consists in the failure of the 


heart to maintain a blood supply adequate to the ordinary needs of the tissues at 
any given metabolic level. 


This point of view has been accepted by some physiologists as well 
as by clinicians. Thus, Henderson, Haggard and Dolley *® stated: 
The efficiency of the heart is nothing else than the volume of blood that it can 


pump in relation to the oxygen requirement of the body. This applies to th 
athlete, the man of sedentary habit and to the cardiac patient. 


It is evident from the foregoing quotations that the “diminished 
output” theory involves the following assumptions : 

1. The cardiac output per minute is subnormal in persons with con- 
gestive heart failure. 

2. Improvement in the clinical state is associated with an increase in 
this function. 

3. Diminution in the cardiac output—in proportion to the metabolic 
needs—necessarily results in an increase in the severity of congestive 
failure. 

4. The presence of congestive failure indicates that the ability of 
the heart to increase its work has been lost (“The reserve has gone, the 
patient is breathless at rest; failure with congestion is beginning’’).'’ 

The data which have been presented indicate that the first of these 
assumptions is true, in general at least. Although in some instances the 
cardiac output of persons with congestive failure may be within normal 
limits, it is usually decreased. It should be noted, however, that certain 
patients without circulatory disturbances may show a similar diminution. 

On the other hand the data indicate that the further assumptions 
involved in the diminished output hypothesis are incorrect. Clinical 
improvement may be associated with an increase, a decrease or no change 
in the cardiac output per minute. Even in the presence of congestive 
failure the heart is able to increase its work, and its reserve power, 
although diminished, is not lost. It seems justifiable to conclude that 
the clinical manifestations of congestive failure are not essentially and 
primarily dependent on a diminished blood supply to the tissues. 


15. Blumgart, H. L.; Riseman, J. E. F.; Davis, D., and Berlin, D. D.: 
Therapeutic Effect of Total Ablation of Normal Thyroid on Congestive Heart 
Failure and Angina Pectoris, Arch. Int. Med. 52:165 (Aug.) 1933. 

16. Henderson, Y.; Haggard, H. W., and Dolley, F. S.: The Efficiency of 
the Heart and the Significance of Rapid and Slow Pulse Rates, Am. J. Physiol. 
82:512, 1927. 

17. Lewis,11 p. 157. 
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Such a conclusion may seem rather surprising in view of the wide- 
spread acceptance of this theory. However, it is in accord with the 
results obtained by Hamilton, Moore, Kinsman and Spurling ** with 
their injection method. These authors found no consistent relationship 
between the cardiac output per minute and the degree of congestive 
failure. They reported decreased minute volume and stroke volume 
in the majority of their patients with congestive failure; some showed 
a cardiac output within normal limits; the disappearance of congestive 
failure was associated with no consistent alterations in the cardiac output. 
Using the same procedure, Weiss and Robb *° failed to find consistent 
abnormalities in the cardiac output in patients with cardiac asthma either 
during or between the attacks. The few patients with congestive failure 
studied by Lauter *° by the direct Fick method showed subnormal cardiac 
output, but the same author found equally low values for this function 
in subjects without congestive manifestations and with normal tolerance 
for exercise. 

Concerning the validity of the alternate theory of heart failure we 
have no direct evidence. The fact that clinical improvement is almost 
regularly accompanied by an increase in the vital capacity,” when cou- 
pled with the observations of Drinker, Peabody and Blumgart,?? who 
found that compression of the pulmonary veins of the cat led to dimin- 
ished expansibility of the lungs, suggests that the changes in vital 
capacity occurring in persons with congestive failure are related to 
back pressure from the left side of the heart. The well known parallel- 
ism between the height of the venous pressure and the severity of 


18. Hamilton, W. F.; Moore, J. W.; Kinsman, J. M., and Spurling, R. G.: 
Studies on the circulation: IV. Further Analysis of the Injection Method and 
of Changes in Hemodynamics Under Physiological and Pathological Conditions, 
Am. J. Physiol. 99:534, 1932. 

19. Weiss, S., and Robb, G. P.: Cardiac Asthma (Paroxysmal Cardiac 
Dyspnea) and the Syndrome of Left Ventricular Failure, J. A. M. A. 100:1841 
(June 10) 1933. 

20. Lauter, S.: Kreislaufprobleme, Miinchen. med. Wchnschr. 77:593, 1930. 

21. Peabody, F. W.: Clinical Studies on the Respiration, Arch. Int. Med. 16: 
846 (Nov.) 1915; 16:955 (Dec.) 1915; 20:433 (Sept.) 1917. Peabody, F. W., 
and Wentworth, John A.: Clinical Studies of the Respiration, ibid. 20:443 (Sept.) 
1917. Peabody, F. W.; Wentworth, J. A., and Barker, B. I.: Clinical Studies on 
the Respiration, ibid. 20:468 (Sept.) 1917. West, Howard F.: Clinical Studies 
on the Respiration, ibid. 25:306 (March) 1920. Peabody, F. W., and Sturgis, 
C. C.: Clinical Studies of the Respiration, ibid. 28:501 (Nov.) 1921. Sturgis, 
C. C.; Peabody, F. W.; Hall, F. C., and Fremont-Smith, F.: Clinical Studies on 
the Respiration, ibid. 29:236 (Feb.) 1922. Peabody, F. W., and Sturgis, C. C.: 
Clinical Studies on the Respiration, ibid. 29:277 (March) 1922. 

22. Drinker, C. K.; Peabody, F. W., and Blumgart, H. L.: The Effects of 
Pulmonary Congestion on the Ventilation of the Lungs, J. Exper. Med. 35:77, 
1922. 
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congestive failure is likewise in accord with the “backward failure” 
hypothesis. In our study observations of venous pressure were not 
made, but the vital capacity (in contrast to the cardiac output) was 
found to exhibit consistent alterations as the clinical condition changed. 

The results which have been obtained by the injection method are 
in accord with the “backward failure” theory. Hamilton, Moore, Kins- 
man and Spurling ** found that the disappearance of congestive failure 
was associated with a decrease in the volume of blood in the heart and 
lungs. In their patients with cardiac asthma Weiss and Robb *® reported 
an increase in the degree of pulmonary congestion as the most charac- 
teristic functional change during the attack. 

Probably the most significant evidence in favor of the “back pres- 
sure” theory is to be encountered at the necropsy table. The majority 
of patients dying with cardiac failure show abnormalities of both sides 
of the heart and have congestion in both the pulmonary and systemic 
vascular beds. However, edema and congestion of the lungs, when 
occurring alone, are found in conjunction with lesions of the left side 
of the heart, whereas congestion and edema limited to the systemic 
circulation are encountered in persons with disorders of the right side. 
Cases illustrating the clinical picture produced by the failure of only 
one side of the heart have been reported by Robinson and Burwell.?* 

Is there any evidence against the validity of the “backward failure” 
hypothesis? Certain authors ** believe so, their observations being based 
on the idea that this theory involves the assumption of regurgitation 
through the auriculoventricular valves. However, a rise in pressure in 
the auricles may take place without leakage through these orifices. The 
investigations of Starling and his co-workers showed that dilatation 
is the physiologic response of the heart to an increase in work, injury, 
fatigue or a decrease in its supply of oxygen. When produced by 
fatigue, dilatation is associated with less complete systolic discharge and 
with an increase in the residual blood. The walls of the heart are dis- 
tensible, but their distensibility is limited, and as they become stretched 
beyond a certain point a greater force is required to produce further 
stretching. When dilatation of the ventricle has reached this point, 
residual blood accumulates in the auricle until the pressure gradient 
between the two cavities has been reestablished at a higher level. Hence, 
dilatation of the ventricle, if of sufficient degree, may offer resistance 
to its diastolic filling. Under such conditions blood accumulates in 
the auricle, and when the latter chamber becomes sufficiently distended 
the intra-auricular pressure and venous pressure increase. During the 


23. Robinson, G. C., and Burwell, C. S.: A Mechanism of Heart Failure, 
Tr. A. Am. Physicians 48:49, 1928. 
24. MacKenzie 1° and Lewis.11 
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period in which residual blood accumulates in the cavities the cardiac 
output is necessarily decreased by perhaps a few cubic centimeters per 
day. If by “diminished output” one means such a sequence of events, 
the hypothesis is correct. Actually, however, the theory has been held 
to imply a progressive diminution in the supply of blood to the tissues 
as congestive failure develops, and an increase in the blood supply with 
improvement. The data which we have presented show that the “dimin- 
ished output” theory, when applied in this connection, is erroneous.*° 

Similarly, the “back pressure” theory is probably incorrect if it pos- 
tulates regurgitation through the auriculoventricular valves. However, 
if it is employed to indicate a rise in pressure in the veins “back” of 
the failing cardiac chamber as a result of dilatation and consequent 
resistance to inflow, the available evidence appears to support the theory. 

The following description of the mechanism of congestive heart 
failure, which was written by James Hope ® a century ago, appears to 
be applicable at the present time. 


As an obstacle to the circulation operates on the heart in a retrograde direction, 
the cavity situated immediately behind it is the first to suffer from its influence. 
Accordingly, all the impediments seated in the aorta, its mouth, or the arterial 
system, act primarily on the left ventricle, which being likewise exposed to the 
heaviest burden when the circulation is accelerated, has to conflict against a greater 
variety of exciting causes of hypertrophy than any cavity of the heart. On this 
account, therefore, as well as from the thickness of its parietes, it is subject to 
hypertrophy in a greater degree than any other. 

So long as the left ventricle is capable of propelling its contents, the corre- 
sponding auricle, being protected by its valve, remains secure. Hence, in a large 
proportion of cases, the auricle is perfectly exempt from disease, while the ventricle 
is even enormously thickened and dilated. But when the distending pressure of the 
blood preponderates over the power of the ventricle, its contents, from not being 
duly expelled, constitute an obstacle to the transmission of the auricular blood. 
Hence the auricle becomes over-distended, and the obstruction may be propagated 
backwards through the lungs to the right side of the heart, and there occasion 
the same series of phenomena. When the obstruction thus becomes universal, as is 
frequently the case, it may either happen that all the cavities are thickened, or those 
only which, from their conformation, have the greatest predisposition to it. 


25. In order to avoid misunderstanding, this statement should be amplified. In 
patients with acute cardiac failure such as occurs, for example, in coronary throm- 
bosis, diphtheritic myocarditis and in certain instances of paroxysmal tachycardia, 
the phenomena of circulatory collapse (weakness, unconsciousness, thready pulse, 
diminished blood pressure, etc.) are in all probability to be ascribed to the diminu- 
tion in cardiac output, for these manifestations occur in other types of acute circu- 
latory failure in which the cardiac output is diminished, such as hemorrhage. 
However, the congestive phenomena, i. e., diminished vital capacity, rales at the 
bases of the lungs and dyspnea (the results of failure on the left side) and venous 
distention, hepatic engorgement and edema (the results of failure on the right 
side), are not related to a diminution in the supply of blood to the tissues, but 
appear to be dependent on increased pulmonary and systemic venous pressure. 
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When the mitral orifice is contracted, especially if the aperture be very small, 
the left ventricle, being insufficiently supplied with blood, is not stimulated to its 
ordinary contractile action, and consequently becomes emaciated and occasionall) 
flaccid or softened. Meanwhile, the left auricle, having to struggle against the 
contracted valve in front, and also to sustain the distending pressure of the blood 
flowing in from the lungs, invariably becomes thickened and dilated. The engorge- 
ment, extending backwards through the lungs to the right ventricle, often occasions 
its hypertrophy and dilatation; under which circumstances, namely, hypertrophy 
of the right ventricle and contraction of the mitral valve, the lungs suffer in a 
preeminent degree: for, being exposed to the augmented impulsive power of tly 
right ventricle behind, and incapable of unloading themselves on account of the 
straitened orifice in front, their delicate and ill-supported vessels are strained 
beyond the power of resistance. If, therefore, they cannot disgorge themselves 
sufficiently by a copious secretion of watery mucus, they effuse blood by transuda- 
tion into the air-vesicles and tubes, and form the disease denominated pulmonar) 
apoplexy. I have found this affection to occur more frequently under the circum- 
stances described, namely, great contraction of the mitral valve, with or even 
without, hypertrophy and dilatation of the right ventricle, than under any other. 

When the mitral orifice is permanently patescent, so that, at each ventricular 
contraction, blood regurgitates into the auricle, this cavity suffers in a remarkable 
degree: for it is not only gorged with the blood which it cannot transmit, but, in 
addition, sustains the pressure of the ventricular contraction. Permanent patescence 
of the mitral orifice, therefore, constitutes an obstruction on the left side of the 
heart; and the effect of this, as of contraction of the orifices, may be propagated 
backwards to the right side. The regurgitation is always considerable when it 
renders the pulse small and weak. 

When the impediment to the circulation is primitively seated in the lungs, the 
right ventricle, situated immediately behind them, is the first to experience its 
influence; and when the cavity is so far overpowered by the distending pressure 
of the blood as to be incapable of adequately expelling its contents, the obstruction 
extends to the auricle—the process being exactly the same as that which I have 
already described above, in reference to the left ventricle and auricle. 


SUMMARY AND CONCLUSIONS 


The cardiac output of patients with cardiac disease has been studied 
by the acetylene method, modified in such a way as to allow the detection 
of inaccurate results. 

The cardiac output per minute of patients with congestive heart 
failure is usually from 10 to 30 per cent less than that of normal subjects, 
but may be within the normal range. Patients without circulatory dis- 
orders may have an equally low cardiac output. The level of the cardiac 
output per minute, whether considered as such or in relation to the 
metabolic rate, bears no relation to the presence or absence of congestive 
failure for: 


1. The range and the average values of the cardiac output are similar 
for compensated and decompensated patients. 

2. In a given individual, clinical improvement and disappearance of 
congestive phenomena may be associated with an increase, a decrease 
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or no change in this function. In general, the output of the heart per 
beat tends to be somewhat less during congestive failure. The metabolic 
rate is normal in some patients and elevated in others. 

These observations are interpreted as indicating that the “forward 
failure” (diminished output) hypothesis, which ascribes the clinical 
manifestations of congestive heart failure to an insufficient supply of 
blood to the tissues, is erroneous. The “backward failure’ (back pres- 
sure) theory has been discussed and it is concluded that there is much 


evidence in favor of it and no valid evidence against it. 














ANEMIA 


CLASSIFICATION AND TREATMENT ON THE BASIS OF DIFFERENCES 
IN THE AVERAGE VOLUME AND HEMOGLOBIN CONTENT 
OF THE RED CORPUSCLES 


M. M. WINTROBE, M.D., Pux.D. 
BALTIMORE 


The classification of anemia has never been satisfactory. Attempts 
have been made by various writers to classify the anemias according 
to the etiologic agents involved. While this is probably the most desir- 
able method, a prerequisite is the discovery of the causative agent, which, 
in the light of the present inadequate knowledge and methods, is not 
always possible. From the therapeutic standpoint not only is it useful 
to know the cause of the anemia, but it is important to differentiate the 
anemias in accordance with the type of disorder in the hematopoietic 
system. Such a differentiation, however, is perhaps even more difficult 
at present than an etiologic classification. 

As a consequence of this lack of a satisfactory classification, the 
differentiation in clinical practice of the various forms of anemia is, 
as a general rule, carried out in an inexact, haphazard manner. The 
discovery of the use of liver extract and the reemphasis of the value 
of large doses of iron preparations in the treatment of certain types of 
anemia have accentuated this confusion, for in the absence of clearcut 
methods of differentiation both liver extract and iron preparations have 
come to be employed without discrimination. 


OBJECT OF THE PRESENT STUDY 


The present studies were undertaken because it was thought that, 
if some relationship between morphologic differences in the red corpus- 
cles and fundamental pathologic disturbances could be discovered, a 
useful classification of the anemias might be evolved. 

Preliminary measurements! of the volume and hemoglobin content 
of the red corpuscles in patients with anemia indicated that it is possible 
to distinguish by these measurements four groups of anemia, namely, 


Read, in part, at a meeting of the Johns Hopkins Medical Society, Nov. 13, 
1933. 

From the Department of Medicine and the Medical Clinic, Johns Hopkins Uni- 
versity and Hospital. 

1. Wintrobe, M. M.: Classification of the Anemias on the Basis of Differ- 
ences in the Size and Hemoglobin Content of the Red Corpuscles, Proc. Soc. 
Exper. Biol. & Med. 27:1071, 1930. 
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‘macrocytic, normocytic, simple microcytic and hypochromic microcytic 
(table 2). These groups did not exhaust all the possible variations in 
the number, size and hemoglobin content of the red corpuscles which 
form the basis of the classifications suggested by Osgood * and more 
recently by Haden,’ but represented the outstanding subdivisions. 

The preliminary observations have been pursued with several objects 
in view. It was first necessary to determine how correct were the origi- 
nal impressions and how mutually exclusive were these types of anemia. 
Again, it was important to discover, if possible, the relation between 
the type of anemia and the nature of the disturbance in the hematopoietic 
system. Of interest in this regard would be the etiologic agents involved 
and the manner of response on the part of the hematopoietic system 
as determined by a detailed examination of the blood. Finally, it was 
important to observe the nature of the changes which take place in 
the mean volume and hemoglobin content of the erythrocytes in each 
type of anemia in response to various kinds of treatment. All this 
information would be useful in determining the practical value of the 
classification proposed. 

In pursuance of these objects several thousand examinations of 
the blood have been carried out on more than 1,000 persons under a 
variety of circumstances and during the course of various types of 
treatment. The methods employed have already been described.* 


ACCURACY OF THE METHODS EMPLOYED 


The accuracy of the methods employed was determined by repeated 
blood counts and hemoglobin and hematocrit determinations on single 
specimens of venous blood and on specimens of the same blood col- 
lected in several different vials. The means, medians, standard devia- 
tions and coefficients of variation, with the probable errors, were 
calculated for each constant. Eight experiments were carried out in 
this way. 

The variations in the results of these examinations were small. The 
mean of all the coefficients of variation for the red cell count was 
0.64 per cent + 0.107 ; for hemoglobin, 0.9 per cent + 0.125; for volume 
of packed red cells, 0.59 per cent + 0.092; for mean corpuscular volume, 
0.92 per cent + 0.092; for mean corpuscular hemoglobin, 1.07 per cent 


2. Osgood, E. E.: Hemoglobin, Color Index, Saturation Index and Volume 
Index Standards, Arch. Int. Med. 37:685 (May) 1926. 

3. Haden, R. L.: Clinical Significance of Volume and Hemoglobin Content 
of the Red Blood Cell, Arch. Int. Med. 49:1032 (June) 1932. 

4. Wintrobe, M. M.: (a) The Direct Calculation of the Volume and Hemo- 
globin Content of the Erythrocyte, Am. J. Clin. Path. 1:147, 1931; (b) The Size 
and Hemoglobin Content of the Erythrocyte, J. Lab. & Clin. Med. 17:899, 1932: 
(c) Macroscopic Examination of the Blood, Am. J. M. Sc. 185:58 (Jan.) 1933. 
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+ 0.12, and for mean corpuscular hemoglobin concentration, 1.06 per 
cent + 0.063. 

The greatest variation in each of the constants which can be attrib 
uted to the technic alone can be represented by the mean coefficients 
of variation plus 3 times their standard deviations. In no instance 
does this exceed 2.5 per cent. This value may therefore be considered 
the maximum variation attributable to technic. 


THE VOLUME AND HEMOGLOBIN CONTENT OF THE ERYTHROCYTES 
IN NORMAL PERSONS 

Data calculated from a number of carefully performed examinations 
of the blood are summarized in table 1. It will be seen that, on the 
whole, the mean values available for various localities are in agreement. 
The correspondence in the values for the two sexes is remarkably 
precise. The data available for persons over 30 years of age are inade- 
quate, but they do not suggest that any significant change in the mean 
volume or hemoglobin content of erythrocytes occurs once adult life is 
reached. It appears, then, that the means of all the values recorded in 
table 1, namely, 87 cubic microns for mean corpuscular volume, 29 
micromicrograms for mean corpuscular hemoglobin and 34 per cent for 
mean corpuscular hemoglobin concentration, may be employed as the 
mean normal values for healthy adults of either sex. 

My experience suggests that the mean volume and hemoglobin con- 
tent of the red corpuscles correspond rigidly during health to the pattern 
characteristic of the species. However, individual differences are 
encountered, and it is necessary to define, therefore, the limits of normal 
variation. I have chosen for this purpose my own recent determina- 
tions on 86 men and 101 women, because this represents a fairly 
homogeneous group of carefully selected persons.° The frequency 
distribution of mean corpuscular volume, mean corpuscular hemoglobin 


and mean corpuscular hemoglobin concentration in these persons is 


shown in chart 1. 

As measured by the standard deviations recorded in chart 1, the 
mean volume of the red corpuscles would be * between 82 and 92 cubic 
microns in 85 per cent of normal persons; the mean corpuscular 
hemoglobin, from 27 to 31 micromicrograms in 88 per cent, and the 
mean corpuscular hemoglobin concentration, from 32 to 36 per cent in 
86 per cent. The same data make it possible to estimate the likelihood 
that any given value is abnormal and in this way to define microcytosis, 
macrocytosis and hypochromia. The probability that a mean corpuscu- 


5. Wintrobe, M. M.: Blood of Normal Men and Women, Bull. Johns Hop- 
kins Hosp. 53:118 (Sept.) 1933. 

6. Dunn, H. L.: Application of Statistical Methods in Physiology, Physiol. 
Rev. 9:341 (April) 1929. 
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lar volume of 79 cubic microns represents an abnormally low value 
(microcytosis ) or that a volume of 95 cubic microns represents an abnor- 
mally high value (macrocytosis) is 49:1, and values of 75 and 99 cubic 
microns are, respectively, certainly indicative (1,999: 1) of microcytosis 


TaBLE 1.—Summary of Available Accurate Data on the Volume and Hemoglobin 
Content of Erythrocytes in Normal Blood * 





Women 


rvations 


Locality Authority 


1.8.A., East Wintrobe 5 
}.8.A., Midwest Haden §¢ a 
S.A., Midwest Wintrobe® ...... 4 
S.A., West Osgood and Haskins 
(Arch. Int. Med. 30: 643 
[May] 1927); Osgood 2 
A., West Wintrobe5S . es 2 
., South Wintrobe (Proce. Soe. 119 
Exper. Biol. & Med. 26: 
848, 1929; Arch. Int. 
Med. 43287  ([Feb.] 
1930); Wintrobe and 
Miller (Areh. Int. Med. 
43:96 [Jan.] 1929) 
U.S.A., South Foster and Johnson 40 
(Proce. Soe. Exper. Biol. 
& Med. 28 : 929, 1931) 
Denmark Gram and Norgaard 7 
(Arch. Int. Med. 31: 
164 [Feb.] 1923) 
Denmark Bie and Moller (Arch. d. 10 
mal. du ceur 15:177, 
1922) 


Average for adults from 18 to 30 years of age 
U.S.A., East Wintrobe 5 
J.S.A., Midwest Haden’? .. 
U.S.A., South Wintrobe 5 
Denmark Gram and Norgaard.. 
Average for adults from 31 to 59 years of age 
Over 60 U.S.A., East Wintrobe 5 
Average for adults of all ages................... 395 


Average for 698 adults of all ages and both sexes... 


* Only data for which adequate information is supplied concerning technic and age and sex 
of persons examined are included. Investigations in which the accuracy of the methods 
employed may be questioned have been excluded. All values for volume of red cells are 
calculated to the volume in heparinized blood. 


or macrocytosis. Likewise, the probability that the mean concentration 
of hemoglobin in the red corpuscles is abnormally reduced is great 
(37:1) when the concentration is 31 per cent, and hypochromia may 
be considered as certainly present (332:1) when the concentration is 
30 per cent. 

It should be stressed, however, that these statements are true only 
if the technic as outlined * is rigidly followed. 


7. Wintrobe, footnote 4b and c. 
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PHYSIOLOGIC VARIATIONS 


In order to gain some background against which variations in the 
volume and hemoglobin content of erythrocytes occurring in association 
with various modes of treatment in the anemias can be interpreted, 
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Chart 1—The mean corpuscular volume, mean corpuscular hemoglobin and 
mean corpuscular hemoglobin concentration in 86 healthy men and 101 normal 


women, 


S.D. indicates standard deviation; C.V., coefficient of variation. 


The 


position of the mean is indicated by the white line. 


repeated examinations of the blood were made at one or two hour 
intervals in 10 persons and once a day for periods of from five to 


thirteen days in 8 persons. 


These groups included not only normal 


persons but also untreated patients with different illnesses and varying 
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degrees of anemia. Variations in the conditions under which the blood 
was collected were arranged in order to imitate as far as possible the 
conditions of time, rest, exercise, taking of food and degree of anemia 
which are encountered in the majority of patients on whom studies of 
the blood are carried out. 

The results of these observations may be summarized by stating 
that in normal persons no fluctuations which were greater than could 
be attributed to technical variation were observed during a single day, 
but from day to day a slight variation, not exceeding 4.5 per cent, was 
noted. These observations are in agreement with recent well controlled 
studies. In untreated patients with anemia diurnal fluctuations which 
were beyond the limits of error were noted, and from day to day the 
variations were even greater. There were individual differences in the 
degree of variation. The maximum variation in mean corpuscular 
volume was from 6 to 7 per cent, in mean corpuscular hemoglobin from 
7 to 8 per cent, and in mean corpuscular hemoglobin concentration from 
5 to 6 per cent. In most instances the variation was distinctly less than 
this. 


VARIATIONS IN THE VOLUME AND HEMOGLOBIN CONTENT OF 
ERYTHROCYTES IN DISEASE 


To judge better the value of the morphologic classification of the 
anemias proposed in a preliminary report? the 464 cases of anemia 
which are here discussed have been separated arbitrarily in accordance 
with certain morphologic criteria. All cases in which the mean cor- 


8. (a) Rud, E. J.: Le nombre des globules rouges chez les sujets normaux 
et leurs variations dans les diverses conditions physiologiques: I. L’influence de 
l’age et du sexe sur le nombre des globules rouges, Acta med. Scandinav. 57:142, 
1922-1923; II. Les variations du nombre des globules rouges dans les diverses 
conditions physiologiques, ibid. 57:325, 1922-1923. (b) Smith, C.: Normal Varia- 
tions in Erythrocytes and Hemoglobin Values in Women, Arch. Int. Med. 47:206 
(Feb.) 1931. (c) Smith, C., and Prest, M.: Further Observations on the Normal 
Variations in Erythrocyte Values in Women, Am. J. Physiol. 99:562 (Feb.) 1932. 
(d) Smith, C., and Kumpf, K.: The Effect of Exercise on Human Erythrocytes, 
Am. J. M. Sc. 184:537 (Oct.) 1932. (e) Ponder, E., and Saslow, G.: The 
Measurement of the Diameter of Erythrocytes: VI. The Diurnal Variation and 
the Effect of Exercise, Quart. J. Exper. Physiol. 20:41, 1930. (f) Haden, R. L.: 
Accurate Criteria for Differentiating Anemias, Arch. Int. Med. 31:766 (May) 
1923. 

9. It will be observed that in the succeeding pages reference is made almost 
exclusively to the mean corpuscular volume and to the mean corpuscular hemo- 
globin concentration. When these two constants are taken into account, little atten- 
tion need be paid to the mean corpuscular hemoglobin, because alterations in the 
mean corpuscular hemoglobin tend to parallel those in the mean corpuscular 
volume, but are less marked than the latter. Any differences between the two are 
indicated by alterations in the mean corpuscular hemoglobin concentration. 
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puscular volume was greater than 94 cubic microns and the mean 
corpuscular hemoglobin concentration was 30 per cent or higher have 
been classed as macrocytic. The cases in which, in the presence oi 
various grades of anemia, the mean corpuscular volume was between 
80 and 94 cubic microns and the mean corpuscular hemoglobin con- 
centration was 30 per cent or greater have been classed as normocytic. 
Those instances in which the mean corpuscular volume was less than 
80 cubic microns and the mean corpuscular hemoglobin concentration 
was 30 per cent or higher have been placed in the simple microcytic 
group. All cases in which the mean corpuscular hemoglobin concen- 
tration was 29 per cent or less, whether the mean corpuscular volume 
was greatly or little reduced or even actually normal, have been classified 
as hypochromic. The values found when the patients were first seen, 
before any therapy was instituted, were taken as representative of the 
type of anemia present. 

In table 2 the four types of anemia are schematically represented 
and their characters defined. In table 3 the clinical diagnoses in the 
cases showing the several types of anemia are recorded.'® 

Macrocytic Anemias—1. Pernicious Anemia: This is the outstand 
ing example of the macrocytic type of anemia. I have previously 
described the characteristic alterations in the volume and hemoglobin 


content of the red corpuscles."! 


The observations previously recorded 
have been amply confirmed by subsequent studies in a larger number 
of cases. In table 4 correlation coefficients for all the observations on 
pernicious anemia are presented, and the regression coefficients for the 
mean corpuscular volume on the red cell count are recorded. It will 
be noted that these regression coefficients are somewhat different in 
the two sexes.‘? 

2. Other Conditions Associated with Glossitis and Diarrhea: In 
several conditions in which glossitis and diarrhea were outstanding symp- 
toms, macrocytic anemia was observed. The chief of these was non- 
tropical sprue. The changes in the blood in 8 such cases seen in 
Louisiana have already been reported.’ Macrocytosis (mean corpuscu- 
lar volume, 95 cubic microns ; subsequently, 100 cubic microns) was also 





10. It may be pointed out that the relative number of instances of the various 
types of anemia, and of the various diseases associated with them, does not, of 
course, represent their true incidence. Cases have been selected for study according 
to their interest, and there is therefore a great disproportion in their relative 
numbers. 

11. Wintrobe, M. M.: Hemoglobin Content, Volume and Thickness of the 
Red Blood Corpuscle in Pernicious Anemia and Sprue, and the Changes Associated 
with Liver Therapy, Am. J. M. Sc. 181:217, 1931. Wintrobe (footnotes 4b 
and 21). 
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found in 1 case of pellagra. In this case, concomitantly with the 
administration of a diet high in vitamins and especially supplemented 
with brewers’ yeast, the anemia disappeared and the mean corpuscular 
volume returned to normal. A histamine test failed to demonstrate free 
hydrochloric acid in the gastric secretion. 

In the 3 remaining cases of this group the changes in the blood were 
similar to those in pernicious anemia, but the clinical picture was 


TasLe 2.—Morph 


ologic Classification of Anemias 


Mean 

Corpus- 

Mean cular 

Mean Corpus- Hemo- 
Corpus- cular globin 
Number cular Hemo- Concen- 


of Volume, globin, tration, 
ass ' 
—— Get vol* =_Hb.* Hb. 
Severity puscles R.B.C. R.B.C. Vol. Description 
Macrocytie 
Slight —t + + 0 Red cells increased in volume; corpuscular 
hemoglobin proportionately increased; 
Moderate : 0 increase in size and hemoglobin content 
of red cells roughly inversely proportiona) 
Severe - t t 0 to number of cells; corpuscular hemo- 
globin concentration remains normal 
throughout or may be slightly reduced 
Normocytice 
Slight - 0 0 0 Reduction in the number of red cells without 
any, or at most only a slight increase 
Moderate + 0 + 0 0 in mean corpuscular volume and mean 
corpuscular hemoglobin; mean corpuscular 
Severe - + 0 0 0 hemoglobin concentration normal 
throughout 
Simple microcytie 
Slight - 0 0 0 Reduction in volume and hemoglobin con 
tent characteristically less marked than 
Moderate — 0 reduction in number of red cells; mean 
corpuscular hemoglobin concentration 
Severe — - 0 normal or only slightly reduced 
Hypochromie microcytic 
Slight 0 — —- Reduction in volume and hemoglobin con 
tent characteristically more marked than 
Moderate ~- . . reduction in number of red cells; mean 
corpuscular hemoglobin concentration 


Severe - -— characteristically reduced 


* Hb. indicates the quantity of hemoglobin in grams per thousand cubic centimeters of 
biood; Vol., the volume of packed red cells in cubie centimeters per thousand cubie centimeters 
of blood; R.B.C., the number of red cells in millions per cubie millimeter. 

+ + denotes increase, — decrease, 0 no change from the normal, 0— no, or only slight 
decrease and +0 slight or no increase. The amount of increase or decrease is indicated by the 
number of plus or minus signs respectively. 


unusual, the period of observation was short and a final diagnosis was 
not made. Liver therapy was attempted in only 1 of these cases. This 
was followed by clinical improvement, but only a slight decrease of 
the anemia occurred. 

3. Disturbance of the Bone Marrow: In this group of 8 cases the 
average red cell count on admission was 2,120,000 and the average mean 
corpuscular volume was 102 cubic microns. In 1 of the cases of multiple 
myeloma the blood picture resembled that of pernicious anemia so closely 








TaBLe 3.—Clinical Diagnoses and Averages of Blood Values in 464 Cases of 
Anemia of Various Types 








Type of Anemia and Total Average Blood Values* 
Types of Cases Clinical Diagnosis in No. of ———__—_- 
Observed Observed Cases Cases RBC CV CH CH¢ 


Macrocytie anemias 
1. Pernicious Pernicious anemia { 2.58 3 34 
anemia 
2. Glossitis and Sprue (8), pellagra (1), undetermined (3) 2 2 é 33 
diarrhea 
8. Disturbance Multiple myeloma (2), carcinomatosis of 
of the bone bones (1), lymphosarcoma of the ilium 
marrow (1), acute leukemia (2), sickle cell anemia 
(1), malignant neutropenia (?) (1) 
. Acute loss of Peptic ulcer (3), abortion (2), familial 
blood angiectasia (1), scurvy (1) 
5. Disorders of Cirrhosis (4), carcinoma (4), acute catar- 
the liver rhal jaundice with achlorhydria (1), ars- 
phenamine jaundice (1), amyloidosis (1), 
syphilis (1), hepatomegaly of undeter- 
mined origin (6) 
. Pregnancy Anemia with pregnancy 
7. Miscellaneous Carcinoma of the stomach (1), syphilis (?) 
of the stomach (1), abdominal pain of 
obscure origin (1), uremia (1), Addison's 
disease (1), malaria inoculata (1), perni- 
cious anemia (?) without achlorhydria (1) 


Normocytie anemias 

1. Acute destruc- Tertian malaria (8), estivo-autumnal (3) 
tion of blood 
(malaria) 

2. Acute loss of Hemorrhage: from the intestines (4), nose 
blood (3), hemorrhoids (1), uterus (1), hemo- 

philia (2), purpura (2) 

. Aplastic Idiopathie (5), following arsphenamine (1) 
anemia 

. Disturbance (a) Leukemia: chronic myeloid (10), 
of the bone chronic lymphoid (10), acute (8), mono- 
marrow cytie (1) 

(b) Sickle cell anemia (4), multiple mye- 
loma (2), bone metastases from carci- 
noma of prostate (1) 
5. Inflammatory Pneumonia (3), pulmonary abscess (2), 
diseases chronic cholecystitis (2), chronic arthritis 
(2), pelvic inflammatory disease (1), infec- 
tion of the urinary tract (2), ileocolitis 
(1), typhoid myelitis (1), fever (?) (1), 
splenic thrombosis (1), neuritis (1), 
dermatitis (1) 
6. Nephritis Acute (2), subacute (1), chronic vascu- 
lar (4), uremia (2) 

7. Chronie non- (a) Malignant process (stomach, lung, 
inflammatory kidney, lymphosarcoma) (8), Hodgkin's 
diseases (2), syphilis (2), pellagra (3), Addison’s 

(2), myxedema (1), doubtful (2) 
(bo) Disorder of the liver: carcinoma (5), 
cirrhosis (4), arsphenamine jaundice (2), 
amyloidosis (1), unexplained (4) 
8. Pregnancy “Physiologic” anemia of pregnancy 


1. Subacute and (a) Pulmonary (tuberculosis, abscess, bron- 
chronic in- chiectasis, bronchitis, empyema) 
flammatory (b) Pelvic (abscess, salpingitis, peritonitis, 
diseases infection following abortion) 

(ce) Arthritis (chronic, infectious) 

(d) Miscellaneous (tuberculosis of the mes- 
enteric glands, colitis, unexplained fever, 
perinephritic abscess, granuloma ingui- 
nale, rheumatic fever) 

2. Nephritis Chronic nephritis (16) with uremia (8).... 

8. Chronie non- (a) Plumbism 
inflammatory (b) Malignancy without loss of blood 
diseases (c) Endocrine (Addison’s, Simmonds’, ex- 

ophthalmic goiter) 

(d) Miscellaneous (syphilis, rectal stricture, 
congenital hemolytic jaundice, etc.) 

4. Pregnancy “Physiologic” anemia ot pregnancy 


Hypochromie microcytic amemias...............seesee008 éiddhawes 
1. Chronic loss (a) Malignant process with loss of blood 
of blood (carcinoma of the stomach, intestines) 

(b) Intestinal hemorrhage due to other 
causes (hemorrhoids, portal cirrhosis of 
the liver with loss of blood, peptic 
ulcer, ete.) 

(c) Uterine 

(d) Other causes (purpura, papilloma of 
the bladder, telangiectasia) 

2. Idiopathic (a) “Idiopathie hypochromie anemia” 

(b) Associated with pregnancy 

(c) Miscellaneous: with hypertension (2), 
arthritis (1), amyloidosis (1), chlorosis 
(?) (1), unelassified (5) 

8. Hookworm infestation 3.00 18 


* RBO, number of erythrocytes in millions per cubie millimeter; CV, mean corpuscular 
volume in cubic microns; CH, mean corpuscular hemoglobin in micromicrograms; CHC, mean 
corpuscular hemoglobin concentration in per cent. 
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that this was the first diagnosis made. In addition to the atypical symp- 
tomatology it was noted, however, that there was no poikilocytosis 
and that the icterus index was normal. There was evidence of increased 
activity of the bone marrow, there being nucleated red cells, poly- 
chromatophilia and stippling, as well as a slight shift to the left in the 
leukocytes of the granular series. Following the institution of liver 
therapy a reticulocyte response occurred, but the erythrocyte count 
failed to rise (chart 24). 

In 5 of the remaining 7 cases of this group (table 3) the finding 
of an increased mean corpuscular volume was confirmed by repeated 
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Chart 2.—Macrocytic anemia. Variations in the mean corpuscular volume and 
in the mean corpuscular hemoglobin concentration in multiple myeloma (A) and in 
acute posthemorrhagic anemia (8B). All values except those for reticulocytes are 
charted as percentages of the respective average normals. By this method the red 
cell count, the mean corpuscular volume, the mean corpuscular hemoglobin and the 
mean corpuscular hemoglobin concentration of a hypothetic normal person would 
fall on the line at 100 per cent. R.B.C. indicates red corpuscles; Retic., reticulo- 
cytes; C.V., mean corpuscular volume; C.H.C., mean corpuscular hemoglobin 
concentration. 


examinations. In the case of lymphosarcoma of the ilium and in the 
case of malignant neutropenia only one examination was made. The 
latter case was not typical of the Schulz syndrome and at autopsy there 
was evidence of widespread infection, focal necrosis of the liver and 
hyperplastic bone marrow. There was active blood formation (poly- 
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50 
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chromatophilia, etc.) in the 6 cases in this group in which the erythrocyte 
count was below 3,000,000. Liver extract was given to 1 patient with 
acute leukemia and to the patient with sickle cell anemia, but no 
response occurred. 

4. Acute Loss of Blood: The average erythrocyte count in these 
7 cases (table 3) was 2,250,000, while the average of the mean cor- 
puscular volumes was 99 cubic microns. The highest mean corpuscular 
volume was 103 cubic microns. The macrocytosis in these cases was 
thus distinctly less than is found in pernicious anemia. In all the cases 
the macrocytosis was discovered within a few days following the loss 
of blood and before transfusion was given. In the 5 cases in which 
the erythrocyte count was below 3,000,000 there was obvious evidence 
of increased activity in the bone marrow in the form of polychroma- 
tophilia and nucleated red cells, as well as a shift to the left of the 
myeloid leukocytes. In 1 patient, who was allowed to recover spontane- 
ously without transfusion, the macrocytosis gradually disappeared as the 
erythrocyte count rose (chart 2B). 

5. Disorders of the Liver: Eighteen cases of macrocytosis and 
macrocytic anemia associated with disorders of the liver have been 
observed. These cases include a variety of hepatic diseases (table 3). 
The average erythrocyte count was 3,640,000, and the average of the 
mean corpuscular volumes 101 cubic microns. The anemia in all these 
cases was relatively moderate. The macrocytosis was as great as might 
have been expected in pernicious anemia. Indeed, in 3 instances an 
increased mean corpuscular volume was found, although the erythrocyte 
count was within normal limits. The occurrence of spontaneous remis- 
sions in the anemia in these cases, the influence of liver therapy and 
other details are discussed elsewhere.'* 

6. Pregnancy: In 1 of 4 instances of macrocytic anemia associated 
with pregnancy hypochromic anemia of unknown origin associated with 
achlorhydria changed during pregnancy to macrocytic anemia. This case 
is described elsewhere.** In another case macrocytic anemia was asso- 
ciated during the fifth month of pregnancy with a fever of obscure 
origin. The latter disappeared and subsequently the anemia became less 
marked and the size of the cells returned to normal. In 2 other cases 


macrocytic anemia was observed near term, but in both instances it 


12. Wintrobe, M. M., and Schumacker, H. S.: The Occurrence of Macrocytic 
Anemia in Association with Disorder of the Liver, Together with a Consideration 
of the Relation of This Anemia to Pernicious Anemia, Bull. Johns Hopkins Hosp. 
52:387 (June) 1933. 

13. Wintrobe, M. M., and Beebe, R. T.: Idiopathic Hypochromic Anemia, 
Medicine 12:187 (May) 1933. 
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was moderate. Liver was administered, but unfortunately the patients 
could not be followed up. It is known that their course was uneventful. 

7. Miscellaneous: In a case of carcinoma of the stomach slight 
anemia (red cell count 4,400,000) with macrocytosis (mean corpuscular 
volume, 99 cubic microns) was observed. The patient died and no 
studies of the anemia could be made. In a woman in whom the Wasser- 
mann reaction of the blood was positive, and who complained of vomit- 
ing after meals, and of weakness and sore tongue since the onset of 
the illness three months before, macrocytic anemia (red cell count, 
3,040,000; mean corpuscular volume, 105 cubic microns) was found. 
No further studies could be made. In another patient 2 attacks of 
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Chart 3.—Normocytic anemia. Variations in the mean corpuscular volume and 
in the mean corpuscular hemoglobin concentration in hemolytic anemia caused by 


malaria (tertian, inoculata). 


abdominal pain were each time associated with the development of 
macrocytic anemia (red cell count, 3,290,000; mean corpuscular volume, 
110 cubic microns) which disappeared spontaneously. Exhaustive 
studies failed to reveal any abnormalities. In a patient who died of 
uremia erythrocyte counts of 2,300,000 and 2,110,000 and mean cor- 
puscular volumes of 100 and 109 cubic microns were found. In the 
blood smear there were many macrocytes, marked poikilocytosis and 
some polychromatophilia. The gastric juice contained free hydrochloric 
acid. Autopsy was not performed, so that no further clue with regard 
to the cause of the anemia was discovered. In a case of Addison’s 
disease slight macrocytosis was repeatedly observed (red cell count, 
4,030,000; mean corpuscular volume, 98 cubic microns). Gastric 
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analysis showed hypochlorhydria. In a case of malaria inoculata macro- 
cytosis developed as the anemia progressed (red cell count, 3,840,000: 
mean corpuscular volume, 99 cubic microns), but gradually decreased 
as the red cell count rose, and finally disappeared a month later. The 
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Chart 4.—Simple microcytic anemia. Variations in the mean corpuscular vol- 
ume and in the mean corpuscular hemoglobin concentration in a case of chronic 
infectious arthritis (A), empyema (B), tuberculosis of the mesenteric glands (C), 
chronic hemorrhagic nephritis (D) and lead poisoning (E). 











last member of this miscellaneous group is still under observation. She 
may have pernicious anemia, although the gastric juice contains free 
hydrochloric acid. 
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Normocytic Anemias.—1. Acute Destruction of Blood (Malaria) : 
Three patients with estivo-autumnal malaria and 9 patients treated by 
the inoculation of tertian malaria have been studied. Six were observed 
over periods varying from eleven to thirty-three days and 1 for four 
months (chart 4). In the latter daily observations were made for fifty 
days. The anemia produced in these cases was never extremely severe, 
the lowest erythrocyte count being 2,910,000. Except in the 1 case 
already mentioned no variations occurred in the mean size or hemo- 
globin content of the erythrocytes which were beyond the limits of 
normal. The influence of liver extract and of copper was observed in 
only 1 case (chart 3). It is probable that the recovery from the anemia 
in this case was unrelated to the therapy and entirely spontaneous. 

2. Acute Loss of Blood: In 13 cases in which the anemia was 
due to acute loss of blood no significant alteration in the mean volume 
or hemoglobin content of the red cells was noted. The average red cell 
count was 3,380,000; the average mean corpuscular volume, 84 cubic 
microns; the average mean corpuscular hemoglobin, 29 micromicro- 
grams, and the average mean corpuscular hemoglobin concentration, 
35 per cent. Several of these cases were observed during recovery from 
the anemia, and no macrocytosis was found at any time. As a whole 
the anemia was less severe than in the group in which macrocytic anemia 
was observed, although there were 3 cases in which the erythrocyte 
count was below 3,000,000. It may be significant, however, that in none 
of these cases was there evidence of marked stimulation of the bone 
marrow. 

3. Aplastic Anemia: In 5 cases of idiopathic aplastic anemia, in 
spite of extreme anemia, no changes from the normal in the mean volume 
or hemoglobin content of the erythrocytes took place. The average 
red cell count in these cases was 1,480,000; the average mean corpuscular 
volume, 83 cubic microns; the average mean corpuscular hemoglobin, 
30 micromicrograms, and the average mean corpuscular hemoglobin con- 
centration, 35 per cent. Likewise, in a case of aplastic anemia caused 
by arsphenamine the mean size and hemoglobin content of the erythro- 
cytes remained normal, although the erythrocytes fell to 1,580,000. Liver 
therapy was ineffective, but after a dramatic course, during which the 
patient contracted estivo-autumnal malaria and, when this had been 
successfully treated, had multiple abscesses in various muscles, regen- 
eration of the blood took place after fifteen transfusions, and the patient 
recovered. During recovery the mean corpuscular volume rose to a 
maximum of 100 cubic microns. — 

4. Disturbance of the Bone Marrow: In the leukemias the accurate 
determination of the volume of packed red cells, and consequently of 
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the mean corpuscular volume, is attended with some difficulty because 
of the great volume of leukocytes. However, in most instances, if the 
filled hematocrit is allowed to stand for several hours before centrifu- 
gation is carried out, satisfactory separation of the red and white cor- 
puscles is attained.*© In 29 cases of leukemia of various types (table 3), 
in which red cell counts as low as 1,320,000 were found, the volume and 
hemoglobin content remained consistently within the limits of normal 
value, even in the most extreme cases. 

To this group of conditions, in which some form of disturbance of 
the bone marrow was present, may be added 4 cases of sickle cell anemia, 
2 cases of multiple myeloma and 1 case in which metastases to bone from 
carcinoma of the prostate gland were found. The anemia in all these 
cases was associated with no alteration in the mean volume and hemo- 
globin content of the erythrocytes, and in the 3 cases last mentioned no 
evidence of increased activity of the bone marrow was found. 

5. Inflammatory Diseases: In these cases (table 3) the anemia was 
moderate, the lowest erythrocyte count of the group being 2,620,000 and 
the average 3,880,000. As in the other cases of normocytic anemia, 
although there were some differences in the mean volume and hemoglo- 
bin content of the erythrocytes in the various cases, these variations were 
all within the limits of the normal value. 

6. Nephritis: The lowest erythrocyte count in this group (table 3) 
was 2,910,000 and the average 3,560,000. The values for the mean 
volume and hemoglobin content of the erythrocytes were all well within 
normal limits. In several cases of chronic vascular nephritis treatment 
with liver or liver extract and with iron was attempted, but proved of no 
avail. In a case of acute diffuse glomerulonephritis prolonged treatment 
with iron was associated with a decrease of anemia, but it was impossible 
to determine whether this was due to the therapy or was simply asso- 
ciated with the abatement of the attack of nephritis. 

7. Chronic Noninflammatory Disease: Nothing of interest with 
regard to the anemia in these cases can be added to the data presented 
in table 3. The detailed examination of the blood in these patients 
revealed from slight to moderate anisocytosis and poikilocytosis, with 
no striking predominance of either microcytes or macrocytes and no 
evidence of increased erythrogenesis. In the majority of the cases 
the anemia was moderate, and in only 4 was the erythrocyte count below 
3,000,000 cells. 

8. Pregnancy: In all the cases of anemia associated with pregnancy 
in which no significant alterations in the mean volume and hemoglobin 
content of the erythrocytes were found the anemia was slight (table 3). 


Simple Microcytic Anemias——The changes in the blood in a variety 
of subacute and chronic ailments of inflammatory and noninflammatory 
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nature in which moderate microcytosis and little or no hypochromia 
were found are shown in table 3. The mean corpuscular volume in these 
cases ranged between 70 and 80 cubic microns. Rarely were smaller 
volumes observed. The mean corpuscular hemoglobin concentration 
ranged from 30 to 36 per cent. The details of the morphologic changes 
in this type of anemia are too well known to require elaboration. In a 
number of cases therapy was attempted, but iron and copper prepara- 
tions, liver and various liver extracts seemed to be of equally little value 
as long as the cause of the anemia persisted (chart 4). 

Hypochromic Microcytic Anemias——Anemia characterized by mod- 
erate or marked microcytosis and marked hypochromia was consistently 
found in three groups of cases, namely, those in which chronic loss of 
blood played a great rdle, an idiopathic group and cases of hookworm 
infestation. The changes in the blood in all these cases were essentially 
similar. In most instances the mean corpuscular volume was very low; 
many values ranged between 60 and 70 cubic microns, while a few were 
less than 60 cubic microns. The lowest value observed was 50 cubic 


microns. The mean corpuscular volume, however, was not always 


greatly reduced, the severity of the anemia and therapy apparently being 


controlling factors. In 2 exceptional cases, in which the anemia was 
severe (incomplete abortion, erythrocytes 1,040,000; hookworm infesta- 
tion, erythrocytes 1,080,000), the mean corpuscular volume was not 
low, as would have been expected, but actually 96 and 92 cubic microns 
respectively. What seems to be the essential characteristic of the entire 
group of cases is marked hypochromia. The mean corpuscular hemo- 
globin concentration was frequently 27, 28 or 29 per cent, not unusually 
25 per cent and in several cases as low as 21 per cent. Such low values 
were never observed in any of the other classes of anemia described 
here. 

Examination of the blood smears in these cases revealed, in the 
severest cases, pale ringlike red corpuscles of all shapes and sizes. A 
few were unusually large, but the majority were microcytes. Poikilo- 
cytosis was marked. Occasionally a better filled, perhaps polychromato- 
philic red cell could be seen, and sometimes nucleated red cells, usually 
microblasts. The leukocytic picture varied, but frequently normal or 
reduced counts showing absolute granulocytopenia were found. Blood 
platelets were usually present in about normal numbers. In the less 
severe cases the changes in the blood smear were less marked, but pallor 
of the red cells was usually the most striking observation. The mean 
values in the several groups of cases are shown in table 3. 

1. Chronic Loss of Blood: Little need be added concerning the 
anemias resulting from chronic loss of blood except in regard to their 
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response to treatment. In the cases associated with malignant processes 
the response to treatment either with liver or liver extracts or with 
iron was usually poor (chart 5B and C), although sometimes a decrease 
in the anemia took place under treatment with iron preparations (chart 
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Chart 5.—Hypochromic microcytic anemia. Variations in the mean corpuscular 
volume and in the mean corpuscular hemoglobin concentration in cases of chronic 
loss of blood due to carcinoma of the colon (A), carcinoma of the stomach (B 
and C) and hemorrhoids (D) and in a case of idiopathic hypochromic anemia (£). 


5A). In the cases in which chronic loss of blood was the chief or sole 
disturbance, as in the cases of abortion, hemorrhoids, bleeding ulcer and 
hemorrhagic telangiectasia, good results were obtained even when the 
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cause of the loss of blood had not been treated. Under the influence 
of large doses of an iron preparation the erythrocyte count rapidly rose, 
frequently to temporary polycythemic values; the mean corpuscular vol- 
ume rose, usually rapidly, to normal values, and the mean corpuscular 
hemoglobin and mean corpuscular hemoglobin concentration increased 
until, under persistent treatment, they reached normal values (chart 
5D). The administration of liver extracts effective in pernicious ane- 
mia, given orally or intramuscularly, and of desiccated hog stomach was 
ineffective in these cases; the action of copper was doubtful, and even 
the influence of liver extracts recommended for “secondary anemia’ 
and of whole liver was, in comparison to that of large doses of an iron 
preparation, negligible. 

2. Idiopathic Cases: These cases (table 3) are of special interest. 
The majority of these, because of the presence of such symptoms as 
glossitis, paresthesia, koilonychia and achlorhydria as well as complaints 
characteristic of anemia in general, could be classed with the condition 
“idiopathic hypochromic anemia” described in detail elsewhere.** Cases 
of the same type particularly associated with repeated pregnancies are 
grouped separately in table 3. 

In addition there were 10 cases which could not be classified defi- 
nitely. Two of these patients were suffering from hypertension. It 
is of interest that they were both women. Gastric analysis was done 
only on 1 of these, but in this patient achlorhydria was found. These 
cases may have represented the accidental association of two different 
conditions, namely, hypertension and “idiopathic hypochromic anemia.” 

In another of the 10 unclassified cases, hypochromic microcytic ane- 
mia was associated with chronic infectious arthritis. Interestingly 
enough, in this case treatment with an iron compound was followed by 
a good response, although in other cases of arthritis not associated with 
this type of anemia treatment was ineffective. 

Another patient presented a clinical picture which was the nearest 
approach to true chlorosis that I have encountered. Five cases were 
not adequately studied and could not be classified. It is possible that, 
in several at least, undiscovered loss of blood had taken place. 

The response to therapy in all these cases was the same (chart 5£) 
as in the cases of hypochromic microcytic anemia caused by chronic loss 
of blood and is discussed in detail elsewhere.* The changes in the 


14. Whipple, G. H.; Robscheit-Robbins, F. S., and Walden, G. B.: Blood 
Regeneration in Severe Anemia: XXI. A Liver Extract Potent in Anemia Due 
to Hemorrhage, Am. J. M. Sc. 179:628 (May) 1930. 

15. Beebe, R. T., and Wintrobe, M. M.: Effect on Idiopathic Hypochromic 
Anemia of Beef Steak (Hamburger Steak) Digested with Normal Gastrice Juice, 
Arch. Int. Med. 52:464 (Sept.) 1933. Wintrobe and Beebe.1% 
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volume and hemoglobin content of the red corpuscles in these cases, 
in response to treatment with iron preparations, form an interesting 
contrast to the effects of liver therapy in pernicious anemia. Whereas, 
in the latter disease the mean corpuscular volume is closely correlated 
inversely with the erythrocyte count, in idiopathic hypochromic anemia 
the volume of the cells is correlated with the hemoglobin, and there is 


TABLE 4.—Correlation Coefficients in Ninety-Four Cases of Pernicious Anemia 


Determinations 
Characters ——— ——_—_———-—, Sex of Correlation Regression 
Correlated* Number Kind Patients Coefficient Coefficient 
R.B.C. and C.V. 367 All M —0.7300 + 0.0165 
R.B.C. and C.V. 289 R.B.C. over 2,000,000! 0.8100 + 0.0138 C.V. = 145.9—11.9 x R.B.¢ 
R.B.C. andC.V. 2 All F 0.6890 +- 0.0207 
R.B.C. and C.V. 253 =R.B.C. over 2,000,000 F 0.7350 + 0.0195 C.V. = 136 — 10 x R.B.C 
Hb. and C.V. 367 ~—s All M —0.4900 + 0.0397 
Hb. and C.V. 2s All F 0.5200 + 0.0430 
Hb. and C.V. 657 ~— All Both 0.4960 + 0.0294 
R.B.C. and C.C. 749 ~=«OAll Both +0.0997 + 0.0244 
Hb. and C.C. 753 ~All Both +0.2922 + 0.0226 
C.V. and C.C. 754 ~All Both —0.4230 + 0.0202 


* R.B.C. indicates erythrocyte count in millions per cubie millimeter; C.V., mean corpuscular 
volume in eubie microns; Hb., hemoglobin in grams per hundred cubic centimeters; C.C., mean 
corpuscular hemoglobin concentration (per cent). 


TABLE 5.—Correlation Coefficients in Twenty-One Cases of Idiopathic 


Hypochromic Anemia 


Number of 
Characters Determi- Sex of Correlation Kegression 
Correlated* nations Patients Coefficient Coefficient 


R.B.C. and C.V. 36 F +0.1720 + 0.0356 

Hb. and C.V. . F +0.7520 + 0.0159 .V. = 2.6 Hb. + 45 
R.B.C. and C.C, 334 F +0.4730 + 0.0286 

Hb. and C.C. 3 F 0.8390 + 0.0109 .C, = 1.04 Hb. + 19.2 
C.V. and C.C. F +0.5450 + 0.0258 


* Abbreviations are the same as for table 4. 


very little relation between the number of red corpuscles and the size 
of the cells (tables 4 and 5, chart 6). Again, in pernicious anemia the 
correlation between the mean corpuscular hemoglobin concentration 
and the number of erythrocytes or the amount of hemoglobin in the 
blood is very slight, but in idiopathic hypochromic anemia this corre- 
lation is high. Especially close is the relation between the hemoglobin 
and the mean corpuscular hemoglobin concentration. It is of interest that 
in both types of anemia the mean corpuscular volume and the mean 
corpuscular hemoglobin concentration are related, this correlation being 
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negative in pernicious anemia and positive in idiopathic hypochromic 
anemia. 

3. Hookworm Infestation: The changes in the blood were the same 
as those described in the discussion of the cases of anemia resulting 
from chronic loss of blood. The response to treatment with iron prepa- 
rations was likewise similar. This is of especial interest in view of 
the disagreement among investigators concerning the cause of hookworm 


anemia. 
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Chart 6.—The relation of the mean corpuscular volume to the red cell count 
and to hemoglobin in pernicious anemia and in idiopathic hypochromic anemia. In 
pernicious anemia there is a high correlation between the mean corpuscular volume 
and the red cell count; in idiopathic hypochromic anemia between the mean cor- 
puscular volume and the hemoglobin. The correlation coefficients are given in 
tables 4 and 5. 


COMMENT 
Analysis of the observations recorded suggests that differences in 
the mean volume and hemoglobin content of the red corpuscles are 
associated with fundamentally different pathologic disturbances in the 
formation of these corpuscles, and that the mean corpuscular volume 
and mean corpuscular hemoglobin concentration may be used as a clue 
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to the nature of this disturbance as well as to the type of therapy which 
may be expected to be effective. 

The macrocytic anemias recorded in table 3 seem to fall into two 
groups. Pernicious anemia and the other conditions associated with 
glossitis and diarrhea, as well as the macrocytic anemias associated with 
pregnancy, form one group which is distinguished by a striking increase 
in the volume and hemoglobin content of the erythrocytes and a ready 
response to liver therapy. These probably form, with celiac disease or 
idiopathic steatorrhea '® and the tropical anemia of Wills,’ as well as 
with the rare instances of carcinoma of the stomach which are asso- 
ciated with macrocytic anemia, a group of anemias which depend for 
their development on the absence of what may be called the X hemato- 
poietic principle. This principle is presumably formed by the combina- 
tion of an unknown “extrinsic” substance and a substance secreted by 
the gastric juice.** The lack of the extrinsic factor in the diet (tropical 
anemia !7), defective gastric secretion of the intrinsic factor (pernicious 
anemia, rare instances of carcinoma of the stomach and perhaps also 
“pernicious anemia of pregnancy” ?*) or defective absorption of the 
combined “intrinsic” and “extrinsic” factors (sprue [?],*° celiac dis 
ease [?]1**) may lead to the development of macrocytic anemia by 


) 


causing a break in the metabolic chain. 
The significance of the other instances of macrocytic anemia found 


in table 3 is less clear. It has been suggested that the development of 
macrocytic anemia in certain cases of hepatic disorder may be due to 
faulty storage of the X principle.?? It is doubtful whether the other 
two groups of cases associated with macrocytic anemia which are shown 
in table 3 (conditions associated with disturbance of the bone marrow 
and several cases of acute posthemorrhagic anemia) should be classed 
with the cases of “true” macrocytic anemia. The macrocytosis in these 
cases was not as great as that which occurs in pernicious anemia, and 
in the cases in which liver therapy was attempted such treatment cer- 
tainly was not followed by the spectacular response which occurs in 
the “true” macrocytic anemias. It is of interest that these same two 


16. Bennett, T. I.; Hunter, D., and Vaughan, J. M.: Idiopathic Steatorrhoea 
(Gee’s Disease): A Nutritional Disturbance Associated with Tetany, Osteo- 
malacia and Anaemia, Quart. J. Med. 1:603 (Oct.) 1932. 

17. Wills, L.: Treatment of “Pernicious Anemia of Pregnancy” and “Tropical 
Anemia,” Brit. M. J. 1:1059, 1931. 

18. Strauss, M. B., and Castle, W. B.: The Nature of the Extrinsic Factor 
of the Deficiency State in Pernicious Anemia and in Related Macrocytic Anemias, 
New\England J. Med. 207:55 (July 14) 1932. 

19.\Strauss, M. B., and Castle, W. B.: Studies of Anemia in Pregnancy, Am 
J. M. Sc. 185:539 (April) 1933. 

20. Castle, W. B., and Rhoads, C. P.: Aetiology and Treatment of Sprue in 
Porto Rico, Lancet 1:1198 (June 4) 1932. 
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groups of cases are also represented, actually in greater numbers, in 
the normocytic group of anemias. On the whole the cases associated 
with disturbance of the bone marrow and with acute loss of blood in 
which macrocytic anemia was found were more severe and revealed more 
evidence of stimulation of the bone marrow than the cases of the same 
nature in which no significant alterations in the mean volume and 
hemoglobin content of the red cells occurred. In view of the obser- 
vation ** that in pernicious anemia reticulocytosis is associated with a 
temporary increase of macrocytosis and that the appearance of large 
numbers of reticulocytes significantly increases the mean size of the cir- 
culating red corpuscles in other types of anemia, it seems probable that the 
cases of acute loss of blood and of anemia associated with disturbance of 
the bone marrow in which macrocytic anemia was found were funda- 
mentally the same as those in which normocytic anemia was observed, 
differing only in that the anemia had become so marked and the stimu- 
lation of bone marrow so intense that some increase above the normal 
in the mean volume and hemoglobin content of the red corpuscies took 
place. 

Judging by the nature of the conditions under which normocytic 
anemia was found, one might consider this type of anemia as developing 
through (1) sudden loss of blood, (2) acute destruction of blood 
(malaria) and (3) lack of blood formation (aplastic anemia). In the 
first two instances no change in the red corpuscles found in the cir- 
culation would be expected to take place until stimulation of the bone 
marrow occurred. It may be postulated that when this stimulation is 
only moderate, no change is observed in the mean volume and hemo- 
globin content of the red cells. When it is marked some macrocytosis 
may develop. 

That the erythrocytes which still remain in the circulation in aplastic 
anemia would be normal in size and hemoglobin content is to be 
expected, for the bone marrow in such cases is unable to form new 
cells. It is of interest that in the case of aplastic anemia in which 
recovery eventually took place the period of improvement was marked, 
as in the cases of acute posthemorrhagic anemia in which stimulation 
of the bone marrow was great, by the development of moderate macro- 
cytosis. In the cases of anemia associated with disturbance of the bone 
marrow, normocytic anemia may likewise be expected, since the anemia 
in such cases may be due in a large measure to crowding out of 
otherwise normally functioning erythrogenic tissue by leukemic or other 


21. Wintrobe, M. M.: Relation of Variations in Mean Corpuscular Volume to 
Number of Reticulocytes in Pernicious Anemia: The Significance of Increased 
Bone Marrow Activity in Determining the Mean Size of Red Corpuscles, J. Clin. 
Investigation 13:669 (July) 1934. 
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infiltrative growths. There is no deficiency in the X principle, as in 
the “true” macrocytic anemias, or in iron, as in the hypochromic micro- 
cytic anemias. 

The remaining cases in the normocytic group (those associated with 
inflammatory and noninflammatory diseases of various kinds, nephritis 
and pregnancy) are very similar to cases of simple microcytic anemia, 


the chief difference being that in the latter some microcytosis, usually 


only moderate in degree, developed. The anemia in all these cases, which 
form the greater proportion of the so-called “secondary anemias,” is 
probably the result of imperfect formation of red cells brought about 
by the toxic influence of disease in general. One may imagine such 
an influence to lead to physiologic hypoplasia of the bone marrow with 
the consequent development of normocytic anemia or to cause imperfect 
erythrogenesis with the formation of red corpuscles somewhat smaller 
than normal and yet moderately well filled with hemoglobin. Therapy 
in this type of anemia is of little value without the removal of the 
cause,** and its recognition is important chiefly for this reason. 

The hypochromic microcytic anemias, like the “true” macrocytic 
anemias, form a clearly defined group which it is important to distin- 
guish. The essential morphologic characteristic of this group is a defi- 
nite and well marked decrease below normal in the mean corpuscular 
hemoglobin concentration. This decrease is conditioned by a deficiency 
in hemoglobin which results from long continued loss of blood or, in 
some cases, probably by a defective absorption of hemoglobin—building 
material from the diet (idiopathic hypochromic anemia‘**). Defective 
diet may possibly lead to the same result. The therapeutic effect of 
iron in this type of anemia is as consistent and spectacular as is liver 
therapy in pernicious anemia and seems often to occur in the presence 
of the cause of the anemia. Thus chronic posthemorrhagic anemia may 
be temporarily relieved by the administration of large doses of iron 
even though the source of the loss of blood remains, and idiopathic 
hypochromic anemia is readily treated in the same way although cessa- 
tion of treatment is often followed by relapse. 

The relation of morphologic differences in the red corpuscles to 
different types of disorder in the hematopoietic apparatus which has 
been outlined is summaried in the classification of anemia presented in 
table 6. 

The value of the classification proposed has necessarily been limited 
heretofore to the test of my own experience, and it is therefore impos- 


22. Wright, G. P., and Arthur, B.: The Influence of Liver Extract Effective 
in Pernicious Anemia upon the Diameter of Erythrocytes in Experimental Ane- 
mias, J. Path. & Bact. 33:1017 (Oct.) 1930. Murphy, W. P., and Fitzhugh, G.: 
Red Blood Cell Size in Anemia, Arch. Int. Med. 46:440 (Sept.) 1930. 
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TABLE 6.—Classification of Anemias 


Corpuscular 
Corpus- Hemo 
cular globin 
Volume, Concen 
Cubie tration, 
microns per Cent 


Type of 

Anemia Cause 

>94* >30+t A. Deficiency of 
Castle’s anti 
anemie principle 


I. Macro 
eytic 


B. Intense activity 
of bone marrow 


80 to 04 . Sudden loss 
of blood 

. Acute destrue- 
tion of blood 

*. Lack of forma 
tion of blood 


Il. Normo 
eytic 


D. Hydremia ( 


IIT. Simple 
micro 
cytic 


<80 “Imperfect” for 


mation of blood 


<80 Deficiency of iron, 


through: 


’. Hypo 
chromic 
micro- 
cytic A. Loss of blood 


B. Defective diet 


C. Defective ab 
sorption 


D. Excessive de 


mands for iron 


(repeated 
pregnancies) 


* The sign > indicates 
+ The sign < indicates “‘less than.” 


“greater than.’ 


Clinical Syndrome 


(1) Pernicious anemia 
(2) “Pernicious anemia” of 
pregnancy 
(3) In rare cases of 
(a) carcinoma of the 
stomach and other 


diseases of the stomach 


and intestines 
(b) total gastrectomy 
(c) pellagra 
(4) Tropical anemia of 
(5) Sprue 


Wills 
anemia of 


(7) Macroeytic anemia of 
liver disease (?) 
Conditions usually 
ciated with normocytic 
anemia (section I1) 


asso 


Acute posthemorrhagi« 
anemia, e. g., hemolytie 
anemia caused by 
malaria 

(1) Aplastie anemia (idio 

pathic and secondary 

(2) Conditions which de 

crease amount of func 
tioning bone marrow, 
e. g., leukemia, neoplasms 

(3) Chronie inflammatory 

and noninflammatory 
diseases 

“Physiologie” 
pregnancy 


anemia of 


Subacute and chronic 
inflammatory diseases 
and chronie noninflam 
matory conditions 


f Chronie 
rhagie 


posthemor 
anemia 
Hookworm anemia 
Diet deficient in 
containing iron 
Chlorosis (% 


foods 


{ Idiopathie hypochromie 
anemia following total 
gastrectomy 

Sprue (some cases) 

Idiopathie steatorrhea 
(some cases) 

Hypochromie anemia of 
pregnancy 


L 


Treatment 


Liver or liver 
extract, or 
“extrinsic 
factor” if 
this alone is 
deficient 


Transfusions 
and treatment 
of cause 


Transfusions 


Treatment of 
cause 
Attempts to 
stimulate 
formation 

of blood 


Transfusions 
and treatment 
of cause 


Iron in large 
doses 


Correction 
cause 


(some Cases) 
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sible to predict whether all cases will come within the scope of the 
subdivisions proposed. Furthermore its usefulness is also limited by 
the fact that when the degree of anemia is only slight, the alterations 
in the size and hemoglobin content of the red corpuscles may not be 
pronounced, thereby making it difficult to classify the anemia on these 
grounds. Finally, cases of anemia caused by more than one factor 
are encountered from time to time, and such cases present much diff- 
culty in classification. 

It is obviously wise not to attempt classification of the anemia on 
the basis of a single examination of the blood, except in the more 
obvious cases. Moreover, it must be emphasized that unless the technic 
described is painstakingly followed and great care taken to secure 
accuracy, this method of classification will be not only valueless, but 
actually misleading. 

The fundamentally important and practical merit of the classification 
proposed is that it makes possible the ready differentiation of pernicious 
and similar types of anemia which are effectively treated by liver therapy 
from those which are effectively treated with iron preparations and 
permits the separation of these from the types of anemia in which 
neither liver nor iron, nor both combined, is of any value. 


SUMMARY AND CONCLUSIONS 


Observations on the volume and hemoglobin content of the erythro- 
cytes of more than 1,000 healthy and anemic persons are recorded and 
discussed under the heads of accuracy of the methods employed, normal 
values, physiologic variations and variations in disease. 

The anemias may, on the basis of differences in the mean volume 
and hemoglobin content of the red corpuscles, be subdivided into four 
groups. Each of these groups appears to correspond to a fundamentally 
different type of disturbance in the hematopoietic apparatus. 

Consequently the method of classification proposed is useful as an 
aid to diagnosis. It facilitates also the separation of conditions in which 
liver therapy may be expected to be of value from those in which treat- 
ment with iron preparations is successful, and distinguishes these two 
types of anemia from those in which neither method of treatment can 
be expected to succeed. 


J. Walter Landsberg gave technical assistance. 





PERNICIOUS ANEMIA 


PARENTERAL TREATMENT WITH EXTRACTS PREPARED FROM DIGESTED 
EQUINE LIVER AND FROM _ SELF-DIGESTED STOMACH 
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The presence of an antianemic factor in hog stomach and its thera- 
peutic effectiveness in the treatment of pernicious anemia were discov- 
ered by Sharp* and Sturgis and Isaacs. The active principle present 
in stomach tissue was found to be thermolabile, and could not be 
extracted by the method of Cohn, used in preparing liver extracts. They 
further found that no therapeutic response was obtained when either 
the muscularis or the mucosa of the stomach was fed separately. It 
was necessary to administer both in order to obtain the active principle. 
This suggested that the interaction of an enzyme on protein, present in 
the whole stomach tissue, occurred after the organ was removed. How- 
ever, the observations of Castle,’ that by the action of normal gastric 
juice on muscle meat the active factor was formed, and of Morris,‘ 
that normal gastric juice contains this principle, indicated that the sub- 
stance was being formed in some way by normal gastric activity. In 
a previous report we ° demonstrated that the activating principle stored 
in the liver was completely depleted during a relapse in patients with 
pernicious anemia. 


From the Laboratories of the Chappel Foundation for Organotherapeutic 
Research, Rockford, Ill., and Cook County Hospital, Chicago. 

1. Sharp, E. A.: An Antianemic Factor in Desiccated Stomach, J. A. M. A. 
93:749 (Sept. 7) 1929. 

2. Sturgis, C. C., and Isaacs, R.: Desiccated Stomach in the Treatment of 
Pernicious Anemia, J. A. M. A. 93:747 (Sept. 7) 1929. 

3. Castle, W. B.: Effect of Administration to Patients with Pernicious 
Anemia of Contents of Normal Human Stomach Recovered After Injection of 
Beef Muscle, Am. J. M. Sc. 178:748, 1929. 

4. Morris, R. S.; Schiff, L.; Burger, G., and Sherman, J. E.: A Specific 
Hematopoietic Hormone in Normal Gastric Juice, J. A. M. A. 98:1080 (March 26) 
1932; Hematopoietic Response in Pernicious Anemia Following Intramuscular 
Injection of Gastric Juice, Am. J. M. Sc. 184:778, 1932. 

5. Richter, O.; Ivy, A. C., and Kim, M. S.: ‘Action of Human “Pernicious 
Anemia Liver Extract,” Proc. Soc. Exper. Biol. & Med. 29:1093, 1934. 
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The question as to the nature of this substance became still mor: 
complex when it was shown by Walden and Clowes ® and by Fouts and 
Zerfas* that the product of the interaction of liver or liver extract 
and hog gastric tissue substantially increased the antianemic factor and 
its therapeutic potency. Reimann ®* also reported a marked increase in 
the potency of liver digested in normal gastric juice following stimu- 
lation with histamine. On the other hand, Barnett and Thebaut ® found 
that liver or liver extract digested in normal gastric juice was no more 
effective therapeutically than the equivalent amount of liver or liver 
extract when given alone. Similar experiments by Helmer, Fouts and 
Zerfas 1° demonstrated that subminimal amounts of liver extract, when 
incubated with normal gastric juice and fed daily to patients with per- 
nicious anemia, produced maximal reticulocyte responses. 

On considering these facts, the question arises as to whether the 
increase in potency was due to the additive effects of liver and stomach, 
to a more complete extraction of liver pulp during the process of diges- 
tion or to an actual multiplication of the active substances. The work 
of Herron and McEllroy '! further excluded the possibility of an addi- 
tive action of stomach and liver, since they proved that autolyzed liver 
was more potent than fresh liver when given by mouth or parenterally 
in pernicious anemia. The experience with oral application makes it 
improbable that the increased potency of their preparation was due pri- 
marily to a more effective extraction of the active principle. It is possible 
that the autolysis splits off the same products from liver as normal gastric 
juice, but that the usually anacid gastric juice of patients with pernicious 
anemia is unable to bring this about. 

We have previously reported '* that complete hematologic remissions 
can be produced in patients with pernicious anemia following injections 


6. Walden, G. B., and Clowes, G. H. A.: Pernicious Anemia: Method 
Whereby Therapeutic Efficacy of Liver and Liver Fractions May Be Substantially 
Increased, Proc. Soc. Exper. Biol. & Med. 29:873, 1932. 

7. Fouts, P. J., and Zerfas, L. G.: Liver Gastric Tissue Preparations in the 
Treatment of Pernicious Anemia, J. A. M. A. 101:188 (July 5) 1933. 

8. Reimann, F.: Med. Klin. 27:880, 1931. 

9. Barnett, C. W., and Thebaut, W. M.: Treatment of Pernicious Anemia 
with Digested Liver, J. A. M. A. 99:556 (Aug. 13) 1932. 

10. Helmer, O. M.; Fouts, P. M., and Zerfas, L. G.: Increased Potency of 
Liver Extract by Incuhation with Human Gastric Juice, Proc. Soc. Exper. Biol. & 
Med. 30:775, 1933. 

11. Herron, W. F., and McEllroy, W. S.: The Use of Autolyzed Liver in 
the Treatment of Pernicious Anemia, J. A. M. A. 100:1084 (April 8) 1933. 

12. Meyer, A. E.; Richter, O., and Ivy, A. C.: Pernicious Anemia: Treatment 
with Equine Liver Extract Injectible Either Subcutaneously or Intravenously, 
Arch. Int. Med. 50:538 (Oct.) 1932; Further Observations in the Treatment of 
Pernicious Anemia with Parenteral Horse Liver Extract, Ann. Int. Med. 7:353, 
1933. 
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){ purified equine liver extract. In a series of fifty-nine patients studied 
it was found that an average of from one to two ampules (one ampule 
containing 2.5 cc. or 25 Gm. of equine liver) injected subcutaneously 
each day was necessary to produce a maximal reticulocyte response. The 
injections of two ampules a day were usually required in patients with 
complications. 

The purpose of this study was to determine, if possible, whether by 
treating equine liver with stomach tissue one could obtain a predigested 
liver extract suitable for injection and with increased potency as com- 
pared with standard equine liver extract. Clinical tests were also made 
with an extract suitable for injection prepared from the mucosa of horse 
stomach. The method employed in preparing this extract was similar 
to that employed by Cohn in preparing liver extract. If such a prepa- 
ration should be proved potent, the conception that the principles 
present in liver and stomach are identical, at least as to their chemical 
nature, would receive considerable support. Gebhardt and Cario* 
obtained reticulocyte responses, but without any apparent increase in 
hemoglobin and erythrocytes, by the injection of an extract prepared 
from digested beef. Donati and his associates ‘’* reported complete 
blood remissions in two patients treated with a diluted extract repre- 
senting 0.3 Gm. of stomach per cubic centimeter, but the method of 
preparation was not given. 


PREPARATION OF EXTRACTS 


Predigested Liver Extract——Twenty-five pounds (11.34 Kg.) of horse liver and 
5 pounds (2.27 Kg.) of stomach mucosa from the horse were ground finely and 
mixed with 9 liters of water, and hydrochloric acid was added to bring the pu to 
4.7. This was allowed to stand from three to four hours at a temperature of 40 C., 
then heated to 82 C. to precipitate proteins and pressed out, and the liquid was 
filtered. The fu of the resulting liquid was 6. The water-soluble extract was then 
fractionated with alcohol, approximately as in Cohn’s!5 method for preparing 
fraction G. The various steps of purification connected with the elimination of 
mostly heavy precipitates carry a certain loss of activity, and extraction is further- 
more incomplete because some of the liquid remains in the residue. On account 
of this difficulty the residue in every step was weighed, and the content of liquid 
determined. Taking into account the volume of liquid which was obtained from 


13. Gebhardt, H., and Cario, R.: Die Wirkung von Magensaft und einigen 
Verdauungsproducten auf Reticulocyten Zahl und Blutregeneration, Deutsche med. 
Wehnschr. 58:726, 1932. 


14. Donati, A.; Manginelli, L., and Tramonti, E.: Parenteral Treatment with 
Stomach Extract in Pernicious Anemia, Minerva med. 2:6 (July 7) 1931. Rey. 
sud.-am. endocrinol. 15:598, 1932. 

15. Cohn, E. J.; Minot, G. R.; Fulton, J. F.; Ulrichs, H. F.; Sargent, F. C.; 
Weare, J. H., and Murphy, W. P.: J. Biol. Chem. 74::xrx, 1927. Cohn, E. J.; 
Minot, G. R.; Alles, G. A., and Salter, W. I.: The Nature of the Material in 
Liver Effective in Pernicious Anemia, J. Biol. Chem. 77:325, 1928. 
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the residue, the relative yield in each step could be calculated, and later the total 
yield of preserved activity was found by the multiplication of these values. In 
this way it was possible to determine how much raw material was represented in 
the final fraction. 

The final precipitate, representing 46 per cent of the liver employed, or 5.22 Kg., 
was then dissolved in a convenient amount of water, and a phosphate buffer was 
added in order to make the solution isotonic and to adjust the pu of the finished 
product to 6.7. 

On account of the high concentration of split protein products, the determination 
of pu by both the indicator and the quinhydrone method is unreliable. The apparent 
value of 6.7 was found to give a rather painless injectible material. The potency 
of the extract was then standardized so that 1 cc. of the extract represented 
10 Gm. of liver and 2 Gm. of stomach mucosa, to which 0.4 per cent of cresol 
was added as a preservative. The solution was then heated for a short time at 
100 C., filtered and sealed in ampules. The dry residue in this predigested extract 
was 18.8 per cent as compared with 5 per cent in the standard undigested equin 
liver extract prepared by the same method. 

Injectible Extract from Stomach Mucosa.—Twenty pounds (9.07 Kg.) of hors¢ 
stomach mucosa was ground and mixed with 6 liters of water and sufficient hydro- 
chloric acid to make a pu of 4.7. This mixture was then heated to between 38 
and 40 C. for four hours under constant stirring. The temperature was then 
raised to 82 C., after which the fu had changed to 5.5. <A solution of sodium 
hydroxide was added until the pa was brought up to 6.5. The residue was pressed 
out and discarded. The filtrate was very thick, and represented 79 per cent of the 
raw material. Fractionation was then carried out by the method used in the 
preparation of the predigested liver extract. The final precipitate corresponded to 
6.6 Kg., which represented about 72.8 per cent of the original stomach tissue. The 
precipitate was dissolved in water to a total volume of 600 cc., so that 1 cc. repre- 
sented 11 Gm. of stomach mucosa. A phosphate buffer was added, and the px was 
adjusted to 6.9 by the bromthymol blue method, which gave a reading of 7.05 by the 
i quinhydrone electrode method. The final residue in this extract was 13 per cent, t 
- which 0.4 per cent of cresol was added as a preservative. The solution was then 
. heated for a short time at 100 C., filtered and sealed in ampules. 

Preliminary animal and laboratory tests were made to establish the safety of 
this material for parenteral administration. Its sterility was tested by culture 
The absence of anaphylactic effects was shown on guinea-pigs. Irritating qualities 
were found to be absent by subcutaneous injections into rabbits. Intravenous 
injections into rabbits produced no visible reaction. The vasodepressor action, 
measured by the assay of blood pressure on dogs, showed no significant histamine- 
like fall in blood pressure. 































CLINICAL AND EXPERIMENTAL OBSERVATIONS 


Eight patients with pernicious anemia were studied. Daily reticulo- 
cyte counts were taken during the expected period of maximal response. 
Complete examinations of the blood were made at five day intervals 
throughout the entire period of treatment. 

We had previously determined that daily injections of one ampule 
(2.5 cc. or 25 Gm. of equine liver) of standard liver extract were neces- 
sary to produce a maximal reticulocyte response and a prompt 
hematologic remission in patients with pernicious anemia without com- 
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plications. Therefore, in order to ascertain the relative potency of 
predigested liver extract to standard equine liver extracts, a comparative 
study was made on patients who were given subminimal doses of pre- 
digested liver extract. Three patients (cases 1, 2 and 3) were given 
njections of predigested liver extract at two day intervals. A maximal 
reticulocyte response of 32.2 per cent was obtained in case 1 on the 
eighth day, of 25.2 per cent in case 2 on the eighth day 
and of 31.6 per cent in case 3 on the seventh day. In addition, 


[aB_E 1—The Response of Six Patients with Pernicious Anemia to Subcutaneous 
Injections of Predigested Equine Liver Extract * 











Maximal Total 

Reticu- Hemoglobin Red Blood Cells, No. of 

Treat- locyte % (Sahli) Millions Injee- 

Case, ment, Count, -———— -— — —— tions, 
Patient Age Relapse Days per Cent Before After Before After 2.5Ce Comment 


51 1 44 $2.2 35 83 1.39 4.45 2 Involvement of 

 D. posterior columns 
improved at the 
end of treatment 
Marked mental 
improvement 
In stupor when ad- 
mitted, with ex- 
treme emaciation 
and spastie paral- 
ysis 
In stupor when ad- 
mitted; left before 
end of treatment 
Moribund when ad- 
mitted; inconti- 
nent; intermittent 
attacks of severe 
diarrhea through- 
out treatment 


60 3.02 lf Still on treatment 


* The standard dosage was one ampule of predigested equine liver extract (2.5 ec.), which 
represented 25 Gm. of liver and 5 Gm. of stomach mucosa. 

t Received one ampule every two days. 

t Received one ampule daily. 


§ Received two ampules daily during the period of maximal reticulocyte response and then 
one daily. 


prompt remissions and excellent clinical recoveries were obtained. 
It was apparent, at least in these three patients, that the effect from 
predigested liver extract given every second day was identical to that 
produced in patients receiving daily injections of standard equine liver 
extract. 


Since it was frequently necessary to give injections of two ampules 
(50 Gm. of equine liver) a day of standard liver extract to patients 
with complications, comparative studies were made of the reactions of 
two patients having intractable diarrhea and advanced degeneration of 
the spinal cord to daily injections of predigested liver extract. Case 4 
(table 1) showed a reticulocyte response of 26.4 per cent on the sixth 
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day, and case 5 (table 1) a reticulocyte response of 27.6 per cent on 
the seventh day. Satisfactory gains in the hemoglobin content and 
erythrocyte count were also obtained during the period of treatment. 
It is difficult to draw any definite conclusions from the observation of 
these two patients as to the relative potency of predigested equine liver 
extract, as it is known that the liver requirement varies in individual 
patients with pernicious anemia, particularly in those with complications. 

One patient (case 6, table 1), a white man, 47 years of age, entered 
the hospital with a complete relapse and in a semistuporous condition 
On entrance the hemoglobin determination was 16 per cent (Sahli) and 
the erythrocyte count 640,000. Because of the patient’s poor condition, 
two ampules of predigested liver extract were administered daily. A 
reticulocyte response of 57.2 per cent was obtained on the sixth day 
of therapy (table 2). At the end of seventeen days of treatment, the 


TasL_e 2.—Reticulocyte Response to Injections of Predigested Liver Extract in 
Case 6 
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hemoglobin content was 60 per cent (Sahli) and the erythrocyte count 
3,020,000. The therapeutic response produced in this patient surpassed 
any yet obtained by a similar amount of standard equine liver extract. 

The injectible extract prepared from horse stomach mucosa was 
administered to two patients with uncomplicated pernicious anemia, both 
entering the hospital after their second relapse. Patient L. B. (chart 1) 
received one ampule a day of stomach mucosa extract (2.5 cc. = 5 Gm.), 
and although a reticulocyte response of 14 per cent was obtained on the 
fifth day, there was no increase in the hemoglobin or erythrocyte count 
during seventeen days of treatment. One ampule of standard liver 
extract (2.5 cc. = 25 Gm. of equine liver) was then injected daily, and 
a second reticulocyte response of 8.6 per cent occurred, but still ther« 
was no increase in the erythrocyte count and only a slight elevation in 
the hemoglobin content at the end of seven days. Predigested liver 
extract was then substituted, one ampule (2.5 cc. = 25 Gm. of liver 
and 5 Gm. of stomach mucosa) being given daily. A third, but only 
moderate reticulocyte response (3.6 per cent) was obtained on the sev- 
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enth day, but there was remarkable increase in the hemoglobin content 
(from 25 to 50 per cent, Sahli) and in red blood cells (from 1,230,000 
to 2,410,000) at the end of fifteen days of treatment. 


(2scc) | TSTANDARD| PREDIGESTEO | STAN-| 
| DAILY | a | Liver LIVER | ogee } 

INJECTIONS) EXTRACT | EXTRACT EXTRACT! 
‘a aa . t aera | 
ra 
| a 


“ae ee 


IN MILLIONS | 
a. 
xt 


==---=-= RETICULOCYTE COUNT PER CENT 


aon ttng, ats, 
smtntareretn re eel “wn, 


i 
—* 
tiie ue 
et ee eal 


| emencnoncne-™ 
®| 


Tinisr=t= HEMOGLOBIN PERCENT SAHLI 


8 


—o-0—e-o- R. B.C. 


NB O/)S |r! 


“DAYS ON 7) asta ~ 10 
TREATMENT (PATIENT L.8.) 


} 


Chart 1.—Blood changes in a case of pernicious anemia during periods of daily 
injections of digested stomach extract, standard liver extract and predigested liver 


extract. 
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Chart 2.—Blood changes in a case of pernicious anemia during periods of daily 
injections of digested stomach extract, standard liver extract and predigested 
liver extract. 


A similar experiment was carried out on patient J. B. (chart 2). 
Although the maximal reticulocyte response of 13 per cent was obtained 


on the third day of treatment with standard liver extract, the greatest 
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increase in the hemoglobin content and erythrocyte count was noted whik 
the patient received daily injections of predigested liver extract. 

3ecause of the varying responses of patients with pernicious anemia 
when treated with preparations containing the antianemic factor, the 
problem of determining accurately the potency of the active principl 
presents great difficulty. Therefore, we feel that only comparativ: 
studies of these extracts can be presented in this paper. 


CONCLUSIONS 

1. An injectible extract with increased potency was prepared from 
the interaction of horse liver and horse stomach mucosa (2.5 cc. = 25 
Gm. of horse liver and 5 Gm. of horse stomach mucosa). 

2. An extract prepared from horse stomach mucosa (2.5 cc. = 27.5 
Gm. of horse stomach mucosa), when injected into patients with perni- 
cious anemia, produced a moderate reticulocytosis, but no increase in 
the hemoglobin content and erythrocyte count. 





CURABILITY OF HAY FEVER AFTER PRESEASONAL 
POLLEN TREATMENT 


CHANDLER WALKER, M.D.* 


BOSTON 


In a previous article I reported a series of 100 patients apparently 
cured after preseasonal treatment for pollen hay fever. They 
were treated for varying periods during the interval from 1919 to 1925, 
inclusive, and were followed up for two or more years after the cessation 
of treatment. The present article reports a second series of 90 patients 
who were treated preseasonally for various periods during the interval 
from 1923 to 1930 and who have been followed up for three or more 
years since the cessation of treatment. The records of these 90 are 


presented in tables 1 and 2. Table 3 shows the inadvisability of stopping 


treatment too soon. Finally, in table 4 are presented statistics computed 
from all the patients treated preseasonally during the interval from 1919 
to 1930, including those reported in the former article, as well as those 
of this series. 


METHOD AND MATERIALS OF TREATMENT 


As a rule the patients were treated at weekly intervals, and the few who were 
not were treated at five day intervals. No shorter intervals between treatments 
were used. In most of the cases the treatment was entirely preseasonal, 
usually beginning about fifteen weeks previous to the expected onset of symptoms. 
In a few instances when patients presented themselves two or three weeks late, 
one or, rarely, two inoculations were given after the onset of symptoms; thus no 
patients in this series were given what is termed during-the-season treatment. In 
all instances careful cutaneous tests were performed with the various dilutions of 
the causative pollens in order to determine with what dilution or strength of 
pollen extract treatment should be begun. This was most important since without 
this test some patients would be given too strong treatment at the start, resulting 
in reactions, and others would be given unnecessarily weak treatment. Without 
the graduation tests there is no definite plan of treatment. Tests with the gradu- 
ated pollen dilutions are a guide in determining the successive increases in dosage. 
It is evident that the results from commercial pollen extracts, which are dispensed 
with the same schedule of treatment for every one, are not comparable to the 
results obtained by those who make careful tests or to the results presented in this 
paper. 

Pollens Used for Treatment—In New England patients with hay fever are 
more fortunate than those in other parts of the country because the hay fever- 
producing flora is limited. The variable changes in the weather and frequent rainy 
days in the spring alleviate the sufferings of those subject to tree hay fever to 
such an extent that treatment seems unnecessary. In the late spring, during May 


* Associate in Medicine, Peter Bent Brigham Hospital. 
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and early June, depending on the seasonal weather, only in rare cases does th¢ 
pollen of June grass cause sufficient hay fever to justify treatment. In a few other 
cases the pollen of June grass causes symptoms for three weeks, but treatment is not 
essential. Lawn grass and orchard grass cause irritation during June, but th 
former is short, so that close contact can be avoided fairly well, and the latter 
is prevalent only in small and scarce plots. The two grasses which cause prac 
tically all the hay fever in New England are red top and timothy, both of which 
may pollinate from early June to late July. In my experience sufficient treatment 
with an extract of the pollen of timothy protects against exposure to red top pollen. 
Therefore, all the patients with hay fever in early summer presented here and in 
the former article! were treated with an extract of timothy pollen alone; patients 
otherwise treated are not included. 

In the late summer or autumn the New England plants producing hay feve: 
are even more limited, since the dwarf or small ragweed is responsible for prac- 
tically all the hay fever with the exception of some giant ragweed in Connecticut 
Therefore, in this and the former study all the patients were treated with an extract 
of small ragweed pollen. The results presented are not comparable to thos 
obtained with commercial pollen extract since the commercial extracts are mixtures 
and since some of the ingredients are not needed in this locality. Neither are the 
results comparable with those obtained in other parts of the country because there, 
owing to the variety of causative pollens, mixtures of pollens must of necessity 
be used. 

Preparation of Pollen Extracts—One gram of the dried pure pollen is extracted 
for twenty-four hours in 88 cc. of physiologic solution of sodium chloride, after 
which 12 cc. of absolute alcohol is added and extraction continues for another 
twenty-four hours. With each extraction the mixture is shaken for an hour; the 
remainder of the extraction is carried on in an icebox. To the clear extract phenol 
is added to make the solution 0.25 per cent. This stock solution is probably a 
saturated solution since a repetition of this procedure on the same pollen will 
produce an extract strong enough to give positive reactions in concentrated dilu- 
tions. It is a 1:100 dilution, and from it are made other progressively weaker 
dilutions up to 1: 160,000. Each patient is tested and treated according to the 
tests with the various dilutions. The first treatment is given with the strongest 
dilution that fails to give a cutaneous reaction, and succeeding treatments are 
gradually increased through the progressively stronger dilutions, with the aim to 
give at the end of treatment three or four doses of the 1: 500 dilution. Any dose 
that causes local or general reaction is repeated on the scheduled date before the 
succeeding increase is given.2 Commercial houses in general and most internists 
use pollen extracts that are made in different ways; therefore their results may 
not be comparable. 

Index of Cure.—In the former article on apparent cures it was concluded that 
when the cutaneous reaction to the causative pollen became negative it was safe 
to stop treatment. This conclusion has been proved correct, since no relapses 
have occurred in such cases up to the present time. Another conclusion was that 
when the pollen reaction does not become negative it is desirable that the patient 
show considerable decrease in sensitivity and have at least one and preferably two 
seasons of complete freedom from hay fever while under treatment before treatment 


1. Walker, I. Chandler: One Hundred Cases of Apparently Cured Pollen 
Hay Fever, J. A. M. A. 90:750 (March 10) 1928. 

2. Walker, I. C.: Frequent Causes and the Treatment of Seasonal Hay- 
Fever, Arch. Int. Med. 28:71 (July) 1921. 
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is discontinued. This has proved to be the next best guide and the only other 
index as to whether the patient may remain free from symptoms for years after 
the omission of treatment or may be apparently cured. Only 1 patient in the 
former series has had a relapse. Therefore these two conclusions have been the 
guides to indicate when an apparent cure was probable with the series presented 
in tables 1 and 2. 
RESULTS RECORDED IN TABLE 1 

By comparing the columns of table 1 representing the sensitivity 
before any treatment and the sensitivity the last year of treatment it 
is evident what change took place in the sensitivity of the patient follow- 
ing the various seasons of treatment. The cutaneous tests were made 


preceding the course of treatment in every case and they were not made 


at the end of any individual course of treatment. This explanation is 
opportune since it is known that the sensitivity is usually greatly reduced 
at the end of any course of treatment, but that it may not be permanent 
and that it usually increases from this point during the period of months 
that elapses between courses of treatment. The final tests recorded were 
made just preceding the final year’s treatment and therefore give a 
permanent rather than a temporary estimate of sensitivity ; in fact, since 
the final course of treatment followed these tests the patients are 
probably even less sensitive than these data show. The series of columns 
headed “Result Without Treatment” represent the years in which no 
treatment was given and the amount of hay fever that the patient expe- 
rienced during these respective years. 

Incidence, Age of Onset and Duration.—In this group were 27 men 
and 28 women. The age of onset of hay fever ranged from 1 to 57 
years ; 6 of the 55 began to have hay fever after reaching the age of 40 
and 11 began to have symptoms before the age of 10. The duration 
of hay fever before treatment varied from one to thirty years; 6 had 
had symptoms for twenty or more years. None of these factors seemed 
to have much bearing on the curability or the duration of treatment. 

Sensitivity—Of the 55 patients, 21 were treated with the pollen 
extract of timothy grass and 34 with the pollen extract of ragweed. 
Since there are several varieties of grass in pollination at the same time, 
the fact that these 21 patients were cured by treatment with extract of 
timothy pollen alone is evidence that sufficient treatment with one pollen 
will protect against other closely related species in the same family. 
This is a confirmation of observations made in a previous paper.? 

Degree of Sensitivity Previous to Treatment.—This varied from sen- 
sitivity to a dilution of 1: 5,000 to sensitivity to a dilution of 1: 80,000. 
There were 2 patients who reacted to a 1:80,000 dilution, 12 to 
1: 40,000, 19 to 1: 20,000, 12 to 1: 10,000 and 10 to 1:5,000. In other 
words, 14 patients were very sensitive, 31 had average sensitivity and 
10 were moderately sensitive, as determined by extracts and dilutions 
made by one method. 
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Number of Seasons Treated.—With the exception of 2 patients who 
were treated for only two seasons, all the others were treated for from 
three to six seasons before it seemed justifiable to stop treatment or to 
call the patient cured. Four patients were treated for six successive 
seasons, 15 for five seasons, 23 for four seasons and 11 for three con- 
secutive seasons. In other words, 36 of the 55 patients were cured in 
four or less consecutive seasons of treatment. 

Decrease in Sensitivity—Of the 55 patients 3 gave a negative reac- 
tion and 12 others gave only a doubtful reaction to the whole pollen to 
which they had been sensitive. Previous to treatment 7 of these were 
sensitive to a dilution of 1: 5,000; 5 to 1: 10,000; 2 to 1: 20,000 and 
1 to 1:40,000. The number of seasons of treatment were two for 1 
patient, three for 4 patients, four for 6 patients, five for 3 patients and 
six for 1 patient. Since the final cutaneous test was given previous to 
the last course of treatment, the last course of treatment should be 
subtracted ; therefore actually all but 1 of the 15 patients gave an almost 
negative reaction following four or less seasons of treatment. 

The reactions of 8 other patients became so nearly negative that 
there was no reaction to any pollen dilution, but a fairly positive reaction 
to the whole pollen. Two of these patients were previously sensitive 
to a 1: 5,000 dilution and were treated for four seasons; 3 were previ- 
ously sensitive to a 1: 10,000 dilution and were treated for four seasons, 
and 3 were previously sensitive to a 1: 20,000 dilution and were treated 
for three, four and five seasons, respectively. A deduction of the final 
course of treatment for the reason already stated shows that 6 of these 
patients reacted only to the whole pollen following three seasons of 
treatment, and the other 2 patients following two and four seasons, 
respectively. 

Seven other patients showed a marked decrease in sensitivity. In 
1 the dilution producing a positive reaction was changed from 1: 80,000 
to 1: 1,000; in 2 from 1: 40,000 to 1: 500, and in 3 from 1: 40,000 to 
1: 1,000. In 5 this reduction was accomplished actually by four seasons 
of treatment and in the other 2 by three seasons of treatment. 

To summarize, the reactions of 15 patients became practically negative, 
8 others gave negative reactions except to the whole pollen and 7 others 
showed a marked decrease in sensitivity, making a total of 30 patients 
in all of whom (with 1 exception) this was accomplished in four or less 


seasons of treatment. Contrary to this, 1 patient showed no decrease 
in the cutaneous reaction after two seasons of treatment; in another 
there was a positive reaction to a dilution of 1: 10,000 instead of 
1:20,000 after four seasons and in another a reaction to 1: 20,000 
instead of 1: 40,000 after five seasons, and 2 showed a decrease of 
sensitivity from a positive reaction to a 1: 10,000 dilution to a positive 
reaction to a 1: 5,000 dilution after two and four seasons of treatment, 
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respectively. Therefore, 5 patients showed little or no decrease in sensi- 
tivity following two and four seasons of treatment in contrast to the 
30 patients who showed a marked decrease. 

The remaining 20 cases showed a considerable decrease in sensitivity, 
which was most marked in 15, in which the dilutions to which the 
patients were sensitive decreased as follows: in 2, from 1: 40,000 
to 1: 500; in 4, from 1: 20,000 to 1: 500; in 2, from 1: 10,000 to 1: 500; 
in 1, from 1: 80,000 to 1: 5,000, and in 5, from 1: 40,000 to 1: 1,000. 
The actual number of seasons of treatments varied between two and 
four, the most frequent number being three. 

Results After Omission of Treatment——All 55 patients have been 
free from hay fever since the omission of treatment. The number of 
years of freedom for the various patients is: seven years for 6 patients, 
six years for 18, five years for 5, four years for 18 and three years 
for 8. It is fair to assume that none of these patients will have a relapse, 
since in the former series of 100 cases only 1 patient had a relapse, and 
he had been treated only two seasons with no resultant decrease in 
sensitivity. In the present series the only patient at all similar is number 
47 who was treated for three seasons with no change in the degree of 
sensitivity. He was, however, 51 years of age when last treated, and 
he has been without treatment for four more years. Patients after 
middle life who have had hay fever for many years are apt to experience 
a gradual decrease in symptoms, so that the age alone of this patient 
may prevent a relapse. 

Comparison of Table 1 with the Previous Report.—The patients in 
the present report were more sensitive than those reported previously, 
since before treatment they reacted positively to a higher dilution of 
the pollen extract. Probably for this reason fewer patients in this report 
could give an entirely negative reaction to the whole pollen; on the other 
hand a few in the present article showed little or no change in their 
sensitivity following treatment, whereas many more had only a 
slight reduction in sensitivity in the earlier series. In the former series 
44 patients gave either a negative or only a slightly positive reaction 
to the whole pollen, whereas in this group of 55 there are 15; however, 
8 others reacted positively only to whole pollen. In the former series 
44 showed little or no change in the cutaneous reaction after treatment, 
whereas, in the present series only 5 patients showed little or no change. 
Therefore, on the whole, there was a greater decrease in sensitivity in 
the present group than in the former group. In the former group, with 
the exception of 1 patient who had a return of symptoms, 22 patients 
have lived eight years and all the others nine years (some even longer ) 
without a return of hay fever. Therefore, it is fair to expect, since 
all factors are as favorable, that the present group of patients, already 
three or more years without hay fever, are cured. 





WALKER—HAY FEVER 
RESULTS RECORDED IN TABLE 
Since none of the 35 patients in table 2 were entirely free from symp- 
toms either during or since the omission of treatment and yet are listed 
as apparently cured, it is necessary to qualify this statement by an 


explanation in each case. Patients 4, 14 and 33 were sensitive to foods, 
and 8 was sensitive to epidermal irritants. Patient 10 had one day of 
symptoms each season, and 18 had one day of symptoms resembling those 


of a cold in the head occasionally throughout the year. Patients 6, 9 
and 26 had colds and asthma at any time of the year, and patients 7, 
13, 15, 16, 21, 24, 25, 31 and 32 were subject to attacks of sneezing 
on rising in the morning at any time of the year. Patients 5, 28, 29, 
34 and 35 had slight symptoms early in May that were likely caused 
by pollen of June grass, but they were free from symptoms during the 
late grass pollen season. Patients 3, 11, 12, 19, 20 and 23 lived in the 
Middle West, where they were exposed to giant ragweed; they were 
also sensitive to corn. Whether the treatment with small ragweed pollen 
did not completely protect them against the giant species or whether it 
was the pollen of corn or the ingestion of corn as a food that caused 
a little hay fever is not known, but the slight symptoms were evidence 
that treatment with the dwarf ragweed gave good protection against 
the giant variety. There is no evident excuse why the remaining 6 patients 
(1, 2, 17, 22, 27 and 30) were not entirely free from symptoms. The 
first 2 were treated for four seasons, and they have been without treat- 
ment for six years, with no increase in symptoms. The next two were 
treated for three and five years, respectively, and for five years have 
shown no increase in hay fever since the last treatment. The last 2 
were treated for six and seven years, respectively, and both have now 
gone for four seasons without treatment and without any increase in 
symptoms. 

Incidence, Age of Onset and Duration.—In this series of 35 patients, 
26 were sensitive to, and were treated with, extract of small ragweed 
pollen and 9 were sensitive to grass pollens and were treated with 
extract of timothy grass pollen. There were 22 females and 13 males. 
The age of onset varied between 3 and 39 years; 6 patients were more 
than 30 and 7 were more than 20 when the hay fever began. The 
duration of symptoms varied from one to thirty years; 3 patients had 
had hay fever for only one year, and 4 had had it for twenty years or 
more. 

Sensitivity—Ten patients in this group were sensitive; 3 reacted 
to a dilution of 1: 80,000 and 7 to a dilution of 1: 40,000. Six patients 
were not very sensitive in that they reacted to a dilution of 1: 5,000. 
The remaining 19 were sensitive to the average degree; 12 reacted to a 
1: 20,000 dilution and 7 to a 1: 10,000 dilution. 
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Duration of Treatment.—Seven patients were treated for six seasons, 
5 for five seasons, 10 for four seasons, 10 for three seasons, 1 for two 
seasons and 2 for only one season. 

Results of Treatment.—Since the treatment was stopped 7 patients 
have gone for a period of six years, 13 for five years and the other 15 
for four years without a relapse or any increase in symptoms of hay 
fever. These periods without treatment would seem to be long enough 
to justify the statement that the patients are apparently cured of hay 
fever, particularly with regard to the pollen with which they were 
treated. 

Variability in the Decrease of Sensitivity—Attention was not called 
to the variability among the patients listed in table 1 in the decrease of 
sensitivity resulting from treatment because it is more evident and more 
pronounced in the group listed in table 2. Of the 2 patients who were 
sensitive to a 1: 80,000 dilution of pollen extract previous to treatment, 
1 still reacted to a 1: 10,000 dilution after three seasons of treatment 
and the other to a 1: 5,000 dilution after six seasons of treatment, and 
both have gone for four years since the treatment was omitted without 
an increase in symptoms. Among the 6 patients who reacted to a 
1: 40,000 dilution of the pollen extract before treatment, 1 patient 
reacted to a 1:500 dilution after six seasons of treatment; 2 others 
reacted to a 1: 1,000 dilution after four and five seasons of treatment, 
respectively, and for six and five years they have been without relapse ; 
another reacted to a 1: 5,000 dilution after three years of treatment and 
for five years has had no increase in symptoms; another’s reaction 
decreased to only a 1: 10,000 dilution after four years of treatment, 
and for six years he has had no relapse. Another showed no decrease 
in sensitivity following five years of treatment, yet this patient has had 
no increase in symptoms in the four years since treatment was stopped. 

Comparison among the group of 9 patients, all of whom reacted 
to a 1: 20,000 dilution of the pollen extract previous to treatment, is 
of interest. After six and four seasons of treatment, respectively, 2 
patients reacted alike to a 1: 500 dilution and have had no increase in 
symptoms during an interval of four and six years, respectively ; 2 other 
patients reacted alike to a 1: 1,000 dilution after five and three seasons 
of treatment and have been without treatment for five and four years, 
respectively, with no increase in hay fever ; 3 others reacted to a 1: 5,000 
dilution after three seasons of treatment and have had no increase in 
symptoms without treatment for four and five years; 2 other patients 
showed no change in reaction to the cutaneous test following four and 
three seasons of treatment, respectively, and neither has had an increase 
in hay fever for the last six years during which no treatment has been 
given. 
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Of the 6 patients who reacted to a dilution of 1: 10,000 previous 
to treatment, 3 patients showed no change in cutaneous reaction after 
three, four and six seasons of treatment, respectively, yet they have 
been free from hay fever for five, six and four years, respectively, since 
the treatment was stopped. With 2 others the reaction was diminished 
to positive with a 1: 500 dilution after six seasons of treatment in one 
case and after only one season of treatment in the other, and neither 
has experienced an increase in symptoms during the last four years 
without treatment. Another patient had so nearly a negative reaction 
after two seasons of treatment that only the whole pollen produced a 
reaction, and there has been no evidence of a relapse during the four 
years without treatment. 

There were 5 patients who reacted only to a 1: 5,000 dilution previous 
to treatment. One still reacted to a 1: 1,000 dilution after four seasons 
of treatment, whereas 2 others reacted only to a 1: 500 dilution after 
three years of treatment. Of the last 2 mentioned, one has had no 
increase in symptoms for six years and the other for five years without 
treatment. The remaining 2 patients gave so nearly a negative reaction 
after six seasons of treatment that only the-whole pollen caused a 
reaction, and they have had no increase of symptoms for four years 
without treatment. 

RESULTS RECORDED IN TABLE 3 


The first patient listed in table 3 reacted to extract of ragweed pollen 
in a dilution of 1: 40,000 and received an 85 per cent benefit from treat- 
ment. The second year he was sensitive to one dilution less, and benefit 
from treatment was the same. The third year his sensitivity had 
decreased to positive reaction to a 1: 10,000 dilution and following treat- 
ment he was practically free from hay fever. The fourth year dupli- 
cated the third year. In the fifth year (1926) he had no treatment and 
he was 75 per cent free from symptoms; the next year without treat- 
ment he was 50 per cent relieved; the third successive year without 
treatment he was only 25 per cent free from hay fever and the fourth 
year (1929) he had as much hay fever as he had had previous to treat- 
ment. The next year (1930) a test proved him to be as sensitive as he 
had been previous to treatment. Treatment that year gave him 75 
per cent benefit and reduced his sensitivity from a reaction to a 1 : 40,000 
dilution to a reaction to a 1: 10,000 dilution, and with treatment a second 
season he again became practically free from hay fever. 

The second patient is more striking, for during five seasons of treat- 
ment his improvement increased from 50 per cent the first season to 
practical freedom from symptoms for four seasons, and his sensitivity 
decreased from a positive reaction to a 1: 20,000 dilution to a reaction 
to only a 1: 1,000 dilution. He omitted treatment for three years; the 
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first year he was 75 per cent relieved; the second year, 50 per cent, 
and the last year he had as much hay fever as he had previous to treat- 
ment. The next year (1930) his sensitiveness to the pollen extract had 
increased to its original extent, namely, a positive reaction to a 1: 40,000 
dilution. He was treated that year and received 75 per cent benefit, 
and the next year his cutaneous reaction had decreased to a positive 
reaction to a 1: 10,000 dilution. Following treatment the second year 
he was again practically free from hay fever. 

Patient 3, who reacted the first year of treatment to a 1: 80,000 
dilution, was practically free from hay fever. The second year of treat- 
ment his sensitivity had decreased to a reaction to a 1: 40,000 dilution, 
and he was entirely free from hay fever. Nevertheless, following the 
omission of treatment the next year he had as much hay fever as he 
had experienced previous to treatment. The next year his degree of 
sensitivity by test was the same as that previous to his second season 
of treatment, but renewed treatment was followed by nearly complete 
freedom from symptoms. 

Patient 5 reacted to a 1: 10,000 dilution of timothy pollen extract, 
and the first season of treatment resulted in complete freedom from hay 
fever. He omitted treatment for three years during which period his 
relief from symptoms gradually diminished ; the first year he was prac- 
tically free, the second year 75 per cent free and the third year 50 per 
cent free. A year later (1926) he was tested and gave a positive reaction 
to a higher dilution (1: 20,000) than he had given previous to treatment. 
He again became practically free from symptoms following one season 
of treatment, and the second season the reaction had decreased one dilu- 
tion; but treatment resulted in his being again entirely free from hay 
fever. 

Further discussion of the cases in table 3 and many more similar 
cases which might have been added would duplicate what has been illus- 
trated by the few already discussed and would only verify the statements 
to be presented. 

Only 5 of the 18 patients were as free from hay fever the first year 
that treatment was omitted as they were during the last year of treat- 
ment. All the others showed a relapse and the 5 had some relapse the 
second season without treatment. In other words, most patients who 
have had insufficient treatment before treatment is omitted have a relapse 
the first season, and the few who do not show any relapse the first year 
show one during the second year of omission. 

Four patients showed no hay fever the last year of treatment; 3 of 
these were treated for two years and the other for one. In the first 
year without treatment 2 had as much hay fever as they had before 
treatment, 1 was 50 per cent better than he had been previous to treat- 
ment, and the fourth was practically free the first year of omission 
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and 75 per cent relieved the second year. Three of these showed some 
decrease in sensitivity when the second season’s treatment began. There- 
fore the omission of treatment after only one or two seasons of treat- 
ment, even though the last course of treatment has resulted in freedom 
from hay fever, is not always a safe procedure. However, in table 4 
it will be shown that 15 patients have remained free from hay fever for 
three or more years following one season of treatment, and 23 others 
have done likewise following two seasons of treatment. Five patients 
had a complete relapse the first year that treatment was omitted, while 
with 8 others who had a gradual and progressive relapse it was two or 
three years before they experienced as much hay fever as previous to 
treatment. 


TABLE 4.—Statistics on Preseasonal Treatment of Hay Fever for Various 
Periods, from 1919 to 1930 


Number of seasons patient was treated... 3 f } Total 
Number of patients 6 734 
Number of patients permanently relieved.. 2 5 190 
Per cent permanently relieved é f i 5 26 
Number on trial ae 68 
Per cent relieved : : a a 53 5 5 35 
Number of failures... de ; § 3 0 54 
Per cent of failures ............. B. 8. y 7.4 
Per cent of total relieved .. : p , - ad 
Per cent of total failures 

Negative reaction to pollen.. 

Doubtful reaction to pollen... 

Positive reaction to pollen....... 

Positive reaction to 1:100 solution.... 

Positive reaction to 1:500 solution.... 

Positive reaction to 1:1,000 solution.... 

No change in reaction.............. 


Number of years free from hay fever 


Number of patients free from symptoms since 
omission of treatment 


Therefore, all the patients presented in table 3 began to have a 
relapse not later than the second season following the omission of treat- 
ment. Since all the 90 patients presented in this report have survived 
for three or more years (8 for only three years) without treatment and 
without any signs of relapse it is fair to assume that none will have a 
relapse. 

It is of interest to note that in those whose sensitivity showed a 
decrease following treatment there was an increase in sensitivity during 
the period of omission of treatment. There was a relapse in their sen- 
sitivity as well as in their symptoms. 


RESULTS RECORDED IN TABLE 4 

In table 4 are presented statistics for preseasonal treatment during 
the interval from 1919 to 1930. No patients given treatment during 
the season or preceding and during the season are included. No patient 
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was given more than eight seasons or courses of treatment during thi 
interval from 1919 to 1930. A total of 734 patients were treated during 
this period; 180 received treatment for only one season and 209 for 
only two seasons. 

Of 180 patients treated for only one season, 15 have remained fre: 
from symptoms without treatment; 1 patient has been free for eight 
years without treatment, 5 for eleven years, 1 for twelve years and 4 for 
thirteen years. Two hundred and nine patients. were treated for two 
seasons only, and of this number 23 have remained free from symptoms. 
Of the 131 patients who received treatment for only three seasons, 61 
have had no relapse; of 99 treated for only four seasons, 51 have 
remained free from symptoms; of 40 treated for five seasons, 26 have 
remained free and of 28 treated for six seasons, 14 are still free: from 
hay fever. Among the 21 and 26 patients treated for seven and eight 
seasons, respectively, no cures are reported. One hundred and ninety 
patients (100 presented in a former article and 90 here) of 734 are 
reported cured. 

Eight per cent of those treated for one season only have remained 


free from symptoms, 11 per cent of those treated for two seasons, 47 
per cent of those treated for three seasons, 50 per cent of those treated 
for four seasons, 65 per cent of those treated for five seasons, and 50 
per cent of those treated for six seasons. Of the 734 patients treated. 


26 per cent have been free for many years since treatment was stopped. 
Although the greatest number of patients were cured following three 
and four seasons of treatment, on the percentage basis the greatest num- 
ber required five seasons, and the next higher percentage was practically 
the same for three, four and six seasons, respectively. The statistics 
for the third and fourth seasons are probably the fairest because of the 
large number of patients that were treated for those respective seasons 
in comparison with the number treated for longer periods, and not 
many could be expected to become permanently free from symptoms 
following only one or two seasons of treatment. In fact, if the number 
treated for only one or two seasons were deducted from the total number 
there would remain 345 who were treated for three or more seasons, 
and of this number 152, or 44 per cent, remained free from hay fever for 
many years. 

The group designated as the “number on trial,” comprises the 
patients with whom treatment has been stopped but who, for the follow- 
ing reasons, cannot be counted as being permanently free from hay fever. 
In many, only one year has elapsed; in many others two years have 
elapsed, but some have failed to answer a questionnaire, and in the few 
remaining who have gone for a period of three years it has been impos- 
sible to establish a contact. On the assumption, which usually is true, 
that those who have not been well would have been heard from, it may 
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be fair to assume that many of these patients are still free from hay 
fever, and this assumption is stronger in that most of these patients had 
been treated for from three to six seasons and the percentage of per- 
manent relief was over 50 in such cases. The addition of these cases 
to the aforementioned group would increase the percentage of permanent 
relief (line 6, table 4) very much for each of the various periods of 
treatment, and the general average of permanent relief would be 35 per 
cent for the whole number treated. If the number of those who had 
treatment for only one or two years is deducted, the percentage of per- 
manent relief would be 72. 

Failure of treatment was noted in 30, or 16.6 per cent, of those 
treated for one season only; in 18, or 8.6 per cent, of those treated for 
two seasons only ; in 6, or 4.6 per cent, of those treated for three seasons 
only, and in none of those treated for four seasons or more. The actual 
average of failures each season for all patients treated over a period of 
ten years has varied between 4 and 8 per cent. Therefore, it is evident 
that had those who had no relief after one season’s treatment taken a 
second season’s treatment, at least half of them would have evidenced 
benefit, and the same ratio would hold true for the cases of failure that 
followed two seasons of treatment. Those who obtained no benefit fol- 


lowing three seasons of treatment must be regarded as showing perma- 


nent failure of preseasonal treatment. As a matter of fact, many of 
these patients did experience more or less benefit, but they did not think 
that the amount of benefit justified the expense of another course of 
treatment. 

The percentage of permanent relief and of failure to the whole num- 
ber (734) is as follows: For one season of treatment the percentage 
of permanent relief was 2 and of failure 4. For two seasons of treat- 
ment the percentage of permanent relief was 4 and of failure 2.4. For 
three seasons of treatment permanent relief resulted in 18 per cent of the 
total number, and failure in less than 1 per cent; there were no failures 
following more than three seasons of treatment, and permanent relief 
was obtained in 26.6 per cent, 22.6 per cent and 20 per cent following 
four, five and six seasons of treatment, respectively. 

Following the individual season’s treatment from one to six seasons 
inclusive, the cutaneous test was as follows: The pollen test was nega- 
tive in 6 cases after one and two seasons of treatment, in 8 cases after 
three seasons of treatment, in 3 cases after four seasons and in 1 each 
after five and six seasons of treatment. The test was only doubtful 
in 4 cases following one and two seasons of treatment, in 12 cases after 
three seasons of treatment, in 8 cases after four seasons, in 4 cases after 
five seasons and in 1 case after six seasons of treatment. The reaction to 
the pollen test was positive, but not strong enough to give any reaction 
with a dilution in 1 case following one, two and five seasons of treatment, 
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respectively, in 2 cases after three seasons of treatment, in 10 cases 
after four seasons of treatment and in 3 cases after six seasons of 
treatment. Seven patients had a positive reaction to a 1: 100 dilution 
only, after various seasons of treatment, 16 to a 1: 500 dilution and 19 
to a 1: 1,000 dilution, and 45 patients of the cured showed no change 
in cutaneous reaction. The remaining 20 odd cases showed more or 
less change. Thus, 58 patients gave either a negative or a practically 
negative reaction, 18 a reaction only with the whole pollen and 23 a 
reaction only with the strongest dilutions; 45 showed no change in the 
cutaneous reaction, and the remaining 40 odd cases showed from littl 
to considerable change at the time treatment was stopped. Eight patients 
have been free from hay fever for three years, 32 for four years, and 
so on for increasing lengths of time up to thirteen years for 10 patients. 
In fact, 78 of the 190 patients have been free from hay fever for ten 
or more years since treatment was omitted. 


SUMMARY 

The patients were treated preseasonally, at weekly intervals, over 
a period of fifteen weeks, or for a period, determined by cutaneous 
tests with various dilutions of pollen extract, that would usually insure 
two or more treatments with a 1:500 dilution of the pollen extract 
just prior to the usual onset of symptoms of hay fever. The pollen 
extract that was used was in physiologic solution of sodium chloride 
enforced with alcohol. 

In table 1 the records of 51 patients are presented, all of whom 
have been free from hay fever for periods ranging from three to seven 
years. Only 8 patients have been free for as short a time as three years ; 
18 for as long a time as four years; 5 for five years; 18 for six years 
and 6 for seven years. With the exception of 2 patients who were 
treated only two seasons and 4 who were treated for six seasons, all 
patients were treated for from three to five successive seasons; 15 were 
treated for five seasons, 23 for four seasons and 11 forthreeseasons. At 
the end of treatment the cutaneous reaction to the pollen became negative 
or only doubtfully positive in 15 patients; in 10 others there was only a 
fair positive reaction to the pollen and in all the remaining cases varying 
degrees of lessened sensitivity were shown, from a slight to a marked 
decrease. Previous to treatment 14 were very sensitive, 19 showed 
average sensitivity and the remainder were moderately sensitive. The 
cases were equally divided between the two sexes; 34 were due to 
ragweed pollen, and 21 to timothy pollen. The age of onset of hay 
fever varied from 1 year to 57, and the duration of hay fever varied 
from one to thirty years. ; 

In table 2 are the records of 35 patients, none of whom is classed 
as entirely free from hay fever, but all are described as practically free. 
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\s a matter of fact, all these patients are probably entirely free from 
symptoms of hay fever caused by the pollens with which they were 
treated; in fact, the slight symptoms in evidence during the pollen 
season were, in most cases, as pronounced at other times of the year. 
In this group were a few more females than males, and a few more 
patients were sensitive to and treated with ragweed than with timothy 
pollen extract. The age of onset, the duration of hay fever and the 
degree of sensitivity in this group resembled those recorded in table 1. 
Seven patients were treated for six successive seasons, 5 for five seasons, 
10 for four seasons, 9 for three seasons and 2 for one season only. 
Che duration of treatment in this group was considerably shorter than 
in the former group, and the decrease in sensitivity after treatment 
was likewise less marked, but to offset this these patients have been 
without treatment for a longer time without an increase in symptoms 
than the former group. Fifteen have gone for four years, 13 for five 
years and the remaining 7 for six years without an increase in symp- 
toms. In case of doubt as to the permanency of the treatment attention 
is called to a former paper ? which included 14 similar cases; 8 of the 
patients have been without treatment for ten years without an increase 
in symptoms, and their sensitivity to the pollen extract was not markedly 
reduced ; and the other 6 patients, in whom the sensitivity was greatly 
reduced following treatment, have had no increase in symptoms during 
an interval of seven years. 

In table 3 are presented a group of patients who illustrate the dis- 
astrous results of stopping treatment prematurely. Some patients have 
a complete relapse the first season that treatment is omitted, others have 
a gradual relapse beginning the first year, and the few who may be as 
free from symptoms the first year that treatment is omitted begin to 
have a relapse not later than the second season. The individuality of 
the patients so complicates any rules that may be promulgated with 
regard to the curability of hay fever and the amount of treatment neces- 
sary that the best guide would seem to be the experience of the physician. 

Table 4 is a composite of a former paper* and the present one, 
giving statistics on all the patients with pollen hay fever (734) whom 
I have treated preseasonally during the interval from 1919 to 1930. 
One hundred and eighty patients received treatment for only one year. 
Of this number 15, or 8 per cent, have been free from hay fever; in 
6 cases the pollen reaction became negative, in 4 others it was doubtful, 
in 2 there was no change, and in 2 there was a marked decrease. There 
were 30, or 16 per cent, in whom treatment failed. Among the 209 
patients who were treated only two seasons, 23, or 11 per cent, have 
remained free from hay fever; in 6 the pollen reaction became nega- 
tive; in 4 others it was only doubtful; in 9 there was no change, and 
the remaining 4 showed a marked decrease. There was failure in 18, 
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or 8 per cent. In the group of 131 patients who were treated for three 
seasons, 61, or 47 per cent, remained free from hay fever; in 8 the 
pollen reaction became negative, in 12 others it became only doubtful, 
in 21 there was no change, and in the remaining patients the decrease 
in sensitivity varied from little to marked. If the 8 additional patients 
who are on trial continue without treatment to be free from hay fever, 
as 1s expected, they will raise the number of those permanently relieved 
to 69 and the percentage of the groups having had treatment for three 
seasons to 53. Six, or 4 per cent, failed to be relieved. 

Among those treated for four seasons only there were no failures, 
and 51, or 50 per cent, have remained free from hay fever; if the 1] 
others on trial continue to be free the percentage will be increased to 
61. In 3 of this group the reaction to the pollen test became negative, 
and in 8 only doubtful; 10 gave a positive reaction only with the whok 
pollen, 8 showed no change, and the others showed from a little to a 
marked change. The two groups of patients treated for five and six 
seasons showed the highest percentage of permanent relief, namely, 65 
and 50, respectively, and if those on trial are included the total would 
be 186, respectively. However, the total number of patients in these 
two groups was relatively small. The decrease in sensitivity was rela- 
tively less. 

In the two groups of patients treated for seven and eight seasons, 
respectively, none is permanently relieved, and the cutaneous tests have 
not been markedly changed by treatment. However, 14 and 11 patients 
in these respective groups are on trial without treatment and are expected 
to remain permanently free from hay fever. 

Therefore, of the 734 patients who received treatment preseasonally 
for various periods ranging from one to eight seasons, 190, or 26 per 
cent, have remained free from hay fever. To this number might b: 
added 68 more who are on trial, and who are anticipated to remain free 
from hay fever, to make the total 258, or 35 per cent. All failures 
occurred after treatment for one, two or three seasons. Since the largest 
number of failures occurred after one season of treatment, only half as 
many after the second season and half as many after the third season 
as after the second, it is evident that many failures following one season 
of treatment would result in benefits after a second season, and the 
same for the third season, provided treatment was continued. The 
largest number and likewise the highest percentage of cases of perma- 
nent relief followed treatment that was given for three, four, five and 
six successive seasons. The most marked diminution in the cutaneous 
reaction occurred in these groups, although the patients who were treated 
only one or two seasons ran a close second. 

Of the 190 patients who have remained free from hay fever since 
the omission of treatment, 8 have been free for three years, 31 for four 
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ears, 17 for five years, 25 for six years, 6 for seven years, 22 for eight 
ears, 3 for nine years, 40 for ten years, 20 for eleven years, 8 for twelve 
ears and 10 for thirteen years, and all are still free from hay fever. 


CONCLUSIONS 


Preseasonal treatment for hay fever offers a cure, provided that the 


proper pollen extract is used, careful tests are made and judgment is 


employed in the manner of treatment. 

Permanent relief is obtained in between 26 and 35 per cent of all 
those who are preseasonally treated. A deduction of those who take 
treatment for only one or two years would increase the percentage to 
44. A few patients are cured following only one or two seasons of 
treatment. The majority of cures, however, result from three, four, 
five and six successive seasons of treatment. The percentage of yearly 
failures varies between 4 and 7; therefore, another 50 per cent receive 
benefit, and this benefit averages more than 75 per cent relief. 

Privately made, individual pollen extracts used in a locality in which 
the pollen flora is not very diversified undoubtedly facilitated these 
results. 

Note.—Although these patients were treated in private practice the 
pollen extracts were made by the author in the medical laboratory of 
the Peter Bent Brigham Hospital. These same extracts and the same 
methods of testing and treatment are employed in the outpatient depart- 
ment of that hospital. 


483 Beacon Street. 











MODIFYING ACTION OF CALCIUM AND SODIUM 
BICARBONATE ON SALICYLATE INTOXICATION 


H. E. THOMPSON, M.D. 
AND 
C. A. DRAGSTEDT, M.D. 


CHICAGO 


In an investigation of the properties and pharmacologic action of 
calcium acetylsalicylate + there were indications of certain advantages 
that this salt had over acetylsalicylic acid. It appeared to be less toxic, 
particularly with reference to the induction of albuminuria. However, 
calcium acetylsalicylate proved to be unstable, and the present inquiry 
was undertaken to determine whether a mixture of a calcium salt with 
acetylsalicylic acid would be correspondingly less toxic than acetyl- 
salicylic acid alone. 

Eighteen normal healthy dogs were selected which after repeated 
examination were proved to have albumin-free urine (Heller’s test). 
Each dog received 100 mg. of acetylsalicylic acid, U. S. P., per kilogram 
three times a day in gelatin capsules. One group of six dogs received, 
in addition, an equal amount of calcium gluconate, and another group 
of six an equal amount of sodium bicarbonate, chemically pure. The 
dogs were watched carefully for: (1) vomiting; (2) albuminuria; 
(3) the development of what are here called toxic symptoms, namely, 
marked anorexia, asthenia, staggering gait, visual disturbances or con 
vulsions, and (4) death. Two dogs from each group were killed afte: 
ten days’ administration for autopsy and histologic examination of 
tissues (when any doses given were vomited, they were readministered 
until retained). The essential findings are recorded in the accompanying 
table. 

As indicated in the table, all dogs vomited at approximately the 
same time, and from a dose of approximately the same amount of 
acetylsalicylic acid, i. e., an average of from 0.58 to 0.63 Gm. per kilo- 
gram. There was no significant modifying influence by either calcium 
gluconate or sodium bicarbonate. This is in contrast to the evidence of 
gastric irritation exhibited at autopsy in the animals at death or when 
killed. As will be reported in more detail later, the dogs receiving 


This study was aided by a grant from the Mark H. Wodlinger Fund. 

From the Department of Physiology and Pharmacology, Northwestern Uni- 
versity Medical School. 

1. Thompson, H. E., and Dragstedt, C. A.: The Chemical and Pharmaco- 
logical Properties of Calcium Acetylsalicylate, J. Am. Pharm. A. 22:1096, 1933. 
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Observations on Eighteen Dogs * 


Acetylsalicylic Acid Acetylsalicylic Acid with Acetylsalicylic Acid with 
Total Alone Calcium Gluconate Sodium Bicarbonate 
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* A stands for albuminuria, V for vomiting, K for killed, T for signs of toxicity, and 
D for death, 

t Bronchial pneumonia. 

t Dose increased. 
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acetylsalicylic acid alone showed considerably more gastritis and ulcer- 
ation than either of the other groups. The explanation, we believe, is 
that the vomiting induced by the type of administration here employed 
is due to the systemic action of the salicylate. This is likewise indicated 
by the observation that in all dogs after the initial appearance of vomit- 
ing on the second to the fourth day, it did not recur, so that a certain 
degree of tolerance on the part of the center for vomiting seems to have 
developed. We have reported elsewhere’ that single large doses of 
acetylsalicylic acid (1 Gm. per kilogram) will produce immediate vomit- 
ing, presumably owing to local irritation. 

With respect to the production of albuminuria there is a definite 
difference between the three groups of dogs. With acetylsalicylic acid 
alone albuminuria appeared after doses of 0.3, 1, 0.6, 0.6, 0.8 and 
0.8 Gm. per kilogram, respectively, for an average of 0.68 Gm. per 
kilogram. Albuminuria had developed in all dogs by the time 1 Gm. 
per kilogram had been given, and this continued throughout the remain- 
der of the experiment. When calcium gluconate was administered 
simultaneously, albuminuria appeared after doses of 1, 4.3, 7.6, 0.6 and 
2.1 Gm. per kilogram, respectively, for an average of 3.12 Gm., and in 
one of the dogs killed it had not appeared after 3 Gm. per kilogram 
had been given. Thus in this series albuminuria developed in only 
two of six animals when 1 Gm. per kilogram had been given, and the 
albuminuria was not marked or constant until shortly before death. In 
the series receiving sodium bicarbonate, albuminuria appeared after 
doses of 2.1, 1.4, 3.5, 0.5 and 1.8 Gm. per kilogram, respectively, for an 
average of 1.8 Gm., while it had not appeared in one dog sacrificed after 
receiving 3 Gm. per kilogram. Here, albuminuria had developed in 
only one of the six animals when a dosage level of 1 Gm. per kilogram 
had been reached. While the number of animals tested is comparatively 
small, it seems apparent that there is a distinctly diminished tendency 
for acetylsalicylic acid to provoke albuminuria when either sodium 
bicarbonate or calcium gluconate is simultaneously administered. The 
histologic observations to be reported later are in harmony with this 
observation. There was distinctly more renal damage in the group of 
dogs receiving acetylsalicylic acid alone than in either of the other two 
groups. There is considerable conflict in the literature as to the modify- 
ing effect of sodium bicarbonate on salicylate albuminuria both in the 
experimental animal and in man (Hanzlik*). We have found nothing 
in the literature relative to calcium in this respect other than the com- 
ment by Cantarow * that the administration of calicum has been found 


2. Hanzlik, P. J.: Actions and Uses of the Salicylates and Cinchophen in 
Medicine, Baltimore, Williams & Wilkins Company, 1927. 

3. Cantarow, A.: Calcium Metabolism and Calcium Therapy, Philadelphia, 
Lea & Febiger, 1931. 








THOMPSON-DRAGSTEDT—SALICYLATE INTOXICATION _ 311 


beneficial in certain cases of adolescent albuminuria. There is no indi- 
cation from our experiments as to its mode of action in this regard. 

Objective signs of toxicity, such as marked anorexia, asthenia, stag- 
cering gait, visual disturbances or convulsions, occurred in the dogs 
receiving acetylsalicylic acid alone after the total doses administered 
had reached 1.1, 1.4, 0.8, 3.8, and 2.2 Gm. per kilogram, respectively, 
while they had not appeared in one of the dogs killed after administra- 
tion for ten days. Thus toxic symptoms were seen in four of the six 
dogs when the total dose administered was 3 Gm. In the group receiving 
calcium gluconate toxic symptoms developed after doses of 1.5, 6.8, 6.9 
and 4.3 Gm. per kilogram, respectively, while neither of the two dogs 
killed at the ten day period had exhibited them. Thus only one of 
six dogs in this group showed toxic symptoms by the time 3 Gm. per 
kilogram had been administered. In the sodium bicarbonate group 
toxic symptoms developed after doses of 2.1, 12 and 4 Gm. per kilo- 
gram, respectively. Neither of the two dogs killed on the tenth day had 
shown toxic symptoms, nor did one dog to which acetylsalicylic acid 
and sodium bicarbonate were administered until 50 Gm. per kilogram 
had been given, when the administration was stopped. Thus only one 
of six dogs in this group showed toxic symptoms by the time 3 Gm. 
per kilogram had been given. We are unable to account for the extreme 
degree of tolerance manifested by one dog in this series. Toward the 
end of the period of administration in this animal the daily dose was 
increased to 0.9 Gm. per kilogram a day without untoward symptoms. 
The corresponding times of death of all animals are indicated in the 
table. It is noteworthy that the appearance of vomiting did not usher 
in the other objective symptoms of toxicity. In practically all the 
clinical reports on salicylate intoxication vomiting is reported as appear- 
ing first, the other toxic manifestations appearing later but not as con- 
spicuously so as in this experiment. There is, however, somewhat more 
correlation between the appearance of albuminuria and the toxic symp- 
toms except in the one dog in the group receiving sodium bicarbonate 
which had unusual tolerance of the toxic effects. This dog showed 
persistent albuminuria for three months without toxic symptoms appear- 
ing at any time. 

These experiments represent a parallel to an intensive type of 
salicylate medication. Such intensive methods are frequently employed 
clinically for a short period to accomplish what may be called salicyli- 
zation, at which time the medication is temporarily halted or reduced. 
In our experiments the medication was continued at a high level in 
order that the effects of the simultaneous administration of sodium 
bicarbonate or calcium might be more readily appreciated. We interpret 
the results reported here as indicating a distinctly appreciable amelio- 


rating effect on the albuminuria and toxic symptoms of salicylism with 
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both of these agents. Much has been written about the value of alkal 
therapy in salicylate medication. Hanzlik * said that it had no beneficial 
effect. Other recent writers (Morris and Graham‘) have defended its 
use. In most instances the rationale of its employment has been to 
prevent the development of acidosis as a sequel to salicylate therapy ot 
to reduce the local gastric irritation. We did not attempt to determin 
the acid-base balance in our experiments. The results reported here 
together with those reported previously with calcium acetylsalicylate 

indicate that calcium likewise has some protective influence on th: 
development of salicylism. The mode of this action is not clear. | 
may be similar in character to the protective action of calcium against 
carbon tetrachloride poisoning described by Minot and Cutler.® 


CONCLUSIONS 


The ameliorating influence of sodium bicarbonate on certain of th: 
untoward symptoms produced by salicylate medication reported by many 
workers is confirmed in these experiments. Simultaneous administra 
tion of calcium (in the form of calcium gluconate with acetylsalicylic 
acid) was found to have a similar and in certain respects a greate1 


ameliorating effect. 

4. Morris, N., and Graham, S.: The Value of Alkali in Salicylate Therapy, 
Arch. Dis. Childhood 6:273, 1931. 

5. Minot, A. S., and Cutler, J. T.: Guanidine Retention and Calcium Reserve 
as Antagonistic Factors in Carbon Tetrachloride and Chloroform Poisoning, J. 
Clin. Investigation 6:369, 1928. 





Book Reviews 


Bacterial Infection. By J. L. T. Appleton. Price, $7. . 637, 


engravings and 4 colored plates. Philadelphia: Lea & Febiger, 1933. 


The second edition of this book has been completely revised, and nearly two 
indred pages have been added to the text, including new chapters on oral mani- 
estations of extra-oral injections, several chapters on periapical infection and a 
hapter on oral hygiene. The sequence of chapters has been changed, and some 
material has been deleted. 

The book is divided into three parts. The first, dealing with bacteriology, 
endeavors to acquaint the reader with the fundamental information on the morphol- 
ogy, physiology and ecology of bacteria. The second part deals with infection and 
oral hygiene, while the third deals with infection of the oral cavity. The author 
has made considerable use of current literature; there are references at the bottom 
of almost every page. ‘The illustrations are, for the most part, from the work 
of others; these are carefully selected and are pertinent to the subject matter. 
One or two, such as figure 59, might well be omitted or might be better executed. 

Most of the book deals with general phases of bacteriology and immunity, with- 
out any relation to the dental field, and in that respect does not differ greatly 
from the standard textbooks on bacteriology. Of necessity, the descriptions of 
bacteria and even of the theoretical considerations of infection and immunity are 
brief, suggesting that perhaps too much material is covered to make an altogether 
satisfactory presentation. Naturally, the chapters dealing with the bacteriology 
and infection of the oral cavity are the most important, since one does not find 
many textbooks dealing with this phase of the subject. The discussion of the 
treatment and control of periapical infections is particularly important and embraces 
the present knowledge of the subject. 

The book will be of considerable value to dental students and to dentists who 


desire a reference work in this field. 


I reumatismi cronici. By Dott Riccardo Arrigoni. Pp. 344, with 23 illustra- 
tions. Pisa: Casa Editrice U. Giardini, 1933. 


This is an excellent monograph on chronic rheumatic diseases. The author 
has availed himself of the literature from all possible sources and likewise presents 
and discusses cases of his own. Thus he combines the opinions of others with his 
personal experiences and observations. 

An introduction, which describes the wide prevalence of these diseases among 
civilized peoples and the disability and suffering occasioned by them, as well as 
the economic losses each year, is short and to the point. The language in which 
this book is written is simple but forceful. 

In the first third of this volume the author discusses rather thoroughly the 
various etiologic factors, both predisposing and exciting. Each factor is carefull) 
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considered from practically every point of view. The last two hundred pag: 
are devoted to an excellent presentation of case histories, with a discussion of studi 
of the blood and roentgen findings, as well as histopathologic studies. TI 
roentgenograms and photomicrographs add considerably to the interest of thi 


splendid volume, which is probably the best treatise on the subject of chroni 


rheumatic diseases yet published. 





